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Abstract 
The achievement gap between children of different socioeconomic status (SES) is 
a grand challenge for developmental psychologists. Fortunately, not all low SES children 
develop adverse outcomes. Research has identified executive function (EF) as an import-
ant characteristic of resilient functioning. EF can be improved through a diverse array of 
training programs. Yet, these programs do not improve the EF of all participants. An 
understanding of which individuals benefit from EF training is essential to wide scale 
dissemination of empirically validated interventions. The objective of this research was to 
determine the characteristics of children who are most likely to benefit from EF training. 
 Participating families (N = 134) were recruited from group childcare centers, 
representing a broad range of SES. Children were randomly assigned to a control or 
intervention group. Parents provided information on children’s demographic and 
socioeconomic characteristics. All children participated in individual pre- and post- 
sessions during which their EF and IQ were assessed with direct behavioral measures. 
Experimenters completed a report on child EF after each session. Between assessment 
sessions, children in the intervention group received two 10-15 minute sessions of EF 
reflection training. Children in the control group participated in two 10-15 minute 
sessions in which they practiced EF tasks but were not given training or feedback. 
Children in the intervention group as a whole demonstrated marginally significantly 
better EF performance at post-test than children in the control group. Further, children 
from lower SES families showed more improvement following the intervention than 
children from families with higher SES. Children’s initial EF was not a significant 
moderator of response to intervention while controlling for SES.  
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Examining Moderators of Response to Executive Function Reflection Training: 
Initial Skill & Socioeconomic Status 
Introduction 
The well documented and growing academic achievement gap between children 
from different socioeconomic backgrounds in the United States represents a significant 
challenge to overcome to assure that all children have equal opportunity for success. 
Children from poorer backgrounds are more likely on average to exhibit lower 
achievement test scores, more grade retention and course failures, and fewer completed 
years of schooling than their more affluent peers (e.g., Herbers et al., 2012; McLoyd, 
1998; Reardon, 2011; Zill et al., 2003). Children who come from poor families are less 
prepared academically upon entering kindergarten than their peers from wealthier 
families (e.g., Arnold & Doctoroff, 2003; Burchinal, Roberts, Zeisel, & Rowley, 2008; 
Heckman, 2006; Noble, McCandliss, & Farah, 2007). Troublingly, these differences 
persist and even widen as children progresses through schooling (Caro, McDonald, & 
Willms, 2009; Cutuli et al., 2013; Entwisle, Alexander, & Olson 2003). The achievement 
gap related to poverty is larger than other frequently discussed achievement gaps (e.g., 
racial achievement gap). Specifically, the poverty achievement gap is two to three times 
larger than the achievement gap between African American and Caucasian children 
(Reardon, 2011). Troublingly, it is not just test scores that differ in children from poorer 
versus wealthier backgrounds: there is also evidence for functional and structural 
differences in these children’s brains (Gianaros, Marsland, Shea, Erickson, &Verstynen, 
2013; Hanson, Chandra, Wolfe, & Pollak, 2011; Kim et al., 2013; Sheridan, Sarsour, 
Jute, D’Esposito, & Boyce, 2012). Fortunately, there is a growing body of evidence that 
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reveals promising pathways that may help ameliorate these socioeconomic-related 
differences. One particularly promising skillset with great potential to close the 
achievement gap is self-regulation or executive function (e.g., Blair & Raver, 2014; 
Raver, 2012; Raver et al., 2001).  
Executive function (EF) refers to a set of skills involved in the deliberate, top-
down, goal-directed control of thought, action, and emotion (e.g., Carlson, Zelazo, & 
Faja, 2013). Self-control, self-regulation, and executive control are related terms that are 
sometimes used interchangeably with EF. Executive function is often described as 
consisting of three distinct components including working memory, inhibitory control, 
and cognitive flexibility (e.g., Miyake et al., 2000). Working memory is the capacity to 
keep information in mind and manipulate that information. Inhibitory control refers to the 
ability to ignore distractors or inhibit a relatively automatic response. Cognitive 
flexibility or set shifting refers to the ability to consider information or stimuli in various 
ways and switch between different rule sets, viewpoints, or concepts. We know that there 
are SES-related differences in self-regulation and executive function (Bryck & Fisher, 
2012; Hackman, Gallop, Evans, & Farah, 2015; Kim et al., 2013) and that these skills are 
associated with academic achievement (e.g, Blair & Razza, 2007; Duckworth, 2011; 
Gathercole, Pickering, Knight, and Stegmann, 2004). Evidence from numerous 
investigations has converged to demonstrate the predictive validity of EF for a diverse set 
of outcomes measured throughout development, from childhood (e.g., Blair & Razza, 
2007) to adulthood (e.g., Eigsti et al., 2006). This body of evidence establishing the 
importance of EF is considered below (see EF & Academic Achievement, EF & Social 
Functioning; EF & Physical and Mental Health sections). 
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Predictive Validity of Executive Function 
In addition to the link between EF in childhood and several important 
developmental outcomes, there is a growing number of empirical examples of self-
regulation or EF intervention programs that succeed in promoting EF and academic 
achievement among children living in poverty. Bierman and colleagues (2008), for 
instance, demonstrated gains in EF, cognitive development, social-emotional skills, and 
school readiness after delivering a classroom level intervention to children from high 
poverty backgrounds, specifically children in federally funded Head Start preschool 
classrooms (Bierman, Nix, Greenberg, Blair, & Domitrovich, 2008). In a separate multi-
classroom randomized control trial of a classroom curriculum designed to improve 
children’s self-regulation, not only did the curriculum have an effect on children’s EF in 
general, but this effect was particularly pronounced for students from high-poverty 
schools (Blair & Raver, 2014). Further, a sample of 7-9 year old children from low SES 
backgrounds benefitted significantly from an 8 week, computer-based training program 
focusing on executive functioning skills, showing increased reasoning and non-verbal 
intelligence scores following training (Mackey, Hill, Stone, & Bunge, 2011). These 
interventions and others are considered in detail below (see Executive Function Training 
section). 
Executive function & academic achievement. One of the most well replicated 
links between EF and children’s developmental outcomes is the positive relationship 
between EF academic achievement (e.g., Blair & Razza, 2007; Duckworth, 2011; Masten 
et al., 2012). Specific aspects of executive function, such as inhibitory control (Borella, 
Carretti, & Pelegrina, 2010), working memory (Gathercole et al., 2004), and effortful 
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control (Obradovic, 2010) relate to different academic skillsets including reading 
comprehension, performance in mathematics and science, and general academic 
competence. Among 3- to 5-year-old children attending Head Start preschools, those with 
better inhibitory control in preschool demonstrated better mathematics and literacy ability 
in kindergarten (Blair & Razza, 2007). Importantly, inhibitory control maintained it’s 
predictive power even when including general intelligence as a covariate, showing the 
unique importance of these skills above and beyond that of intelligence (Blair & Razza, 
2007). Masten and colleagues (2012) reported a similar relationship between EF and 
school success in children living with their families in emergency homeless shelters. 
Executive function measured the summer before children entered kindergarten or first 
grade was a significant predictor of teacher-reported academic success the following fall. 
Again, this positive relationship was maintained even after controlling for children’s IQ 
(Masten et al., 2012). Similar to Blair & Razza (2007) and Masten & colleagues (2012), 
Alloway & Alloway (2010) report that working memory in a sample of 5-year olds not 
only accounted for unique variance in participants’ literacy and numeracy ability at 11 
years old, but actually accounted for a larger portion of unique variance in these 
academic outcomes than did IQ (Alloway & Alloway, 2010).  
The predictive power of EF for academic achievement is stronger than that of IQ 
(as described above) as well as various other common predictors. Among 5 to 6 year old 
children living in emergency homeless shelters, effortful control, a skillset closely related 
to EF, predicted children’s academic competence (Obradovic, 2010). In this case, 
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models, predicting more variability in children’s academic competence than child IQ, 
parenting quality, and socio-demographic variables (Obradovic, 2010). 
Inhibitory control is another specific subcomponent of EF that has shown unique 
predictive validity in relation to academic achievement related outcomes. Among a 
sample of 10- to 11- year olds in Italy, those children who had difficulty inhibiting their 
response to extraneous information during a task were the same children who had trouble 
with reading comprehension on a standardized reading comprehension test (Borella et al., 
2010). In this study, working memory also emerged as an important predictor of 
children’s reading comprehension (Borella et al., 2010). 
 The relationship between EF and school success continues in later childhood and 
adolescence. Among a representative sample of 4- 5-year-old children, working memory 
measured when children were in kindergarten predicted those children’s literacy and 
numeracy outcomes in middle school when children were 10- to 11-years old (Alloway & 
Alloway, 2010). In a separate study, when eighth grade students were followed 
longitudinally, their self-discipline skills, measured through self, parent, and teacher 
report on impulsivity as well as by direct behavioral assessment of delay of gratification, 
offered unique predictive power of a host of academic outcomes including these students’ 
final grades in the eighth grade year, acceptance into a more competitive high school 
program, school attendance, hours spent doing homework, hours spent watching 
television, and the time of day students began homework (Duckworth & Seligman, 
2005). In each case, better EF measured in the fall of the eighth grade year predicted 
more favorable performance on these outcomes (e.g., more likely to be accepted into a 
competitive high school program, less hours spent watching television). Again, not only 
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did EF related skills predict unique variance in outcomes in addition to IQ, but the 
predictive power of EF was almost double that of IQ in this particular study (Duckworth 
& Seligman, 2005). This relationship holds in samples outside the United States as well. 
In one example, researchers examined the academic attainment of early adolescents in the 
UK and found that children’s early working memory, an important subcomponent of EF, 
was significantly associated with children’s science and mathematics attainment at 14 
years old (Gathercole et al., 2004). 
Executive function & social functioning. In addition to predicting academic 
outcomes, EF is also related to an individual’s social functioning. Preschool children who 
were rated by teachers as having better inhibitory control were more likely to be rated by 
their peers as trustworthy (e.g., better at keeping secrets; Rotenberg, Michalik, Eisenberg, 
& Betts, 2008). Children’s trustworthiness, in turn, is related positively to the quality of 
children’s peer relationships (Betts & Rotenberg, 2007). In a study examining both 
typically developing 8 – 11 year olds and those diagnosed with ADHD, parent reported 
EF predicted social functioning in three separate areas including prosocial behavior, 
problem behavior, and social desirability such that children with higher parent reported 
EF engaged in more prosocial behaviors, fewer problem behaviors, and were rated as 
more socially desirable than peers with lower EF (Cooper, 2013). Work with a different 
sample showed that children’s EF prior to elementary school was a significant predictor 
their social adjustment during the transition into middle school, with good EF acting as a 
buffer against disrupted social functioning during that transition (Jacobson, Williford, & 
PIanta, 2011). Lastly, childhood EF, specifically planning and response inhibition, 
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uniquely predicted multi-informant ratings of social functioning in adolescence (Rinsky 
& Hinshaw, 2011).  
Executive function and physical and mental health. In addition to the academic 
and social outcomes, EF is also implicated in numerous physical health outcomes across 
the lifespan. Individuals with better EF are more likely to engage in positive health 
behaviors (e.g., adherence with medical advice, good oral hygiene) and are subsequently 
less likely to suffer poor physical health outcomes in adulthood (Dunn, 2010). 
Adolescents with low self-control, on the other hand, were more likely to have been 
diagnosed with a staggering amount of health problems including asthma, cancer, high 
cholesterol, high blood pressure, depression, ADHD, mental illness, poor hearing, and 
speech problems (i.e., stuttering) 7 years later in early adulthood (Miller, Barnes, & 
Beaver, 2011). The relationship between EF and positive health outcomes extends into 
the latter end of the lifespan. Executive function, specifically set shifting and working 
memory, when measured in older women aged 65 – 75 years old, predicted 
approximately half of the variance in health related quality of life, a broad measure of an 
individual’s mental and physical health (Davis, Marra, Najafzadeh, & Liu-Ambrose, 
2010). 
In one of the largest studies examining the long-term correlates of childhood self-
control, a cohort of 1,037 individuals in Dunedin, New Zealand was followed from birth 
into adulthood. After creating a self-control composite from measures taken when 
participants were 3, 5, 7, 9, and 11 years old, Moffitt and colleagues (2011) found that 
participants with better self-control as children exhibited an incredible sum of desirable 
outcomes as adults including less physical health problems, less substance dependence, 
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higher incomes, less likelihood of being an absent father or a single mother, fewer 
criminal convictions, and more savings and financial building blocks like home 
ownership, investment funds, retirement plans, and fewer credit problems (Moffitt et al., 
2011). In addition to the Dunedin cohort, Moffitt and colleagues (2011) examined the 
correlation of childhood EF and later outcomes in a separate sample of same gender pairs 
of dizygotic twins. Echoing the results found in the Dunedin cohort, the twin with poorer 
self-control at 5 years old was more likely to have started smoking by age 12, be 
performing more poorly in school, and be engaged in more antisocial behavior when 
compared to their twin sibling (Moffitt et al., 2011).  
Executive Function Training 
As evidence continues to accumulate demonstrating the importance of EF for 
various outcomes of import throughout development, many researchers have turned their 
efforts toward improving children’s EF in order to promote healthy development. 
Intervention efforts to improve EF reported in the literature are remarkably 
heterogeneous in their design and their aims. Some take the form of school curricula or 
curricular add-ons involving lengthy commitments, such as those designed to take place 
across an entire school year (e.g., Diamond, Barnett, Thomas, & Munro, 2007, Bierman 
et al., 2008; Raver et al., 2009). Others require a dramatically shorter commitment, as 
little as a two 15 minute sessions (e.g., Kloo & Perner, 2003; Espinet, Anderson, & 
Zelazo, 2013). In some instances, EF training occurs in community settings like schools 
(e.g., Bierman et al., 2008, Tominey & McClelland, 2011) or in the context of the foster 
care system (e.g., Pears, Fisher, & Bronz, 2007; Pears, Kim, & Fisher, 2012), while other 
EF interventions occur in more controlled university laboratory environments (e.g., 
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Karbach & Kray, 2009; Rueda, Rothbart, McCandliss, Saccomanno, & Posner, 2005; 
Espinet et al., 2013). Some of these training programs have the explicit goal of improving 
EF (e.g., Espinet et al., 2013, Diamond et al., 2007), while others have broader aims 
including increasing social-emotional competence more generally (e.g., Pears et al., 2007 
and 2012), to Montessori education (Lillard & Else-Quest, 2006) to promoting 
cardiovascular fitness (e.g., Kamijo et al., 2011; Davis et al., 2011), but have nonetheless 
been shown to improve participants’ EF. Among the many variations listed here and 
scattered throughout the literature, it is clear that EF can indeed be improved through 
both direct and indirect training. 
Preschool: A window of opportunity. While not every successful executive 
function training program has focused on preschool aged children, many have, and for 
good reason. Converging evidence from neuroscience, resilience science, research 
examining correlates of school success, and prevention science all point to the utility of 
early intervention. The preschool period emerges as a prime opportunity for early 
intervention targeting EF due in part to structural and functional changes in the prefrontal 
cortex (PFC; the neural region associated with EF) occurring during the preschool 
window (e.g., Carlson et al., 2013; Diamond & Lee, 2011; Zelazo & Carlson, 2012), the 
increased malleability of these skills during this time, the potential for a positive cascade 
of effects when intervening prior to a child’s entry into kindergarten, the practical 
implications for immediate applicability of these skills in the classroom context, and the 
opportunity to promote these skills early to help close the infamous academic 
achievement gap afflicting students from low income backgrounds.   
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EF skills are practically and immediately applicable to the classroom context 
when one considers the demands placed on children in a formal classroom environment. 
Children in classrooms are expected to adhere to a fairly ridged set of rules of conduct 
including limited movement and talking during times in which the classroom teacher is 
giving a lesson or providing instructions. Indeed, when asked what the most important 
skills a student can have for school success, kindergarten teachers report behaviors that 
depend not on traditional academic knowledge (e.g., knowing letter names), but rather on 
good EF skills, including the ability to sit still, pay attention, and follow rules (Rimm-
Kaufman, Storm, Sawyer, Pianta, & LaParo, 2006). It has been hypothesized that 
boosting a child’s EF would in turn improve these classroom skills that depend on EF, 
including paying attention, remembering rules, learning from instruction, planning ahead, 
delaying gratification, ignoring distractions, and managing emotions (e.g., Blair, 2002; 
McClelland et al., 2007). 
 Building foundational competence early in development, such as during the 
preschool period, is believed to generate a positive cascade of achievement that carries 
over to school: competence begets competence (e.g., Heckman, 2006; Masten, 2006). By 
intervening prior to entry into kindergarten, intervention programs are able to both take 
advantage of a naturally occurring window of plasticity and potentially set in motion a 
positive cascade of effects that will proliferate throughout a child’s academic years and 
beyond. The direct promotion of EF skills could, for instance, indirectly promote 
emergent literacy, other academic skills, and relationships with teachers and peers, giving 
children a better start on the road to school and social success at a critical juncture in their 
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neurocognitive development. The following section will review various reports of 
programs that have successfully improved participating children’s EF. 
Efficacious EF training programs. The literature is rife with empirical examples 
of intervention programs that improve participants’ EF. The format, content, length, and 
intensity of exisiting efficacious EF training programs is remarkably heterogeneous. 
Interventions shown to improve EF have taken place both in the controlled setting of a 
university laboratory (e.g., Espinet et al., 2013; Kloo & Perner, 2003; Thorell, Lindqvist, 
Bergman Nutley, Bohlin, & Klingberg, 2009) as well as in less strictly controlled, “real 
world” settings such as preschool classrooms (e.g., Bierman et al., 2008; Diamond et al., 
2007; Raver et al., 2011). Successful programs range from multiple year commitments 
(e.g, Piehler et al., 2013) to brief 15-minute sessions (e.g., Espinet et al., 2013). Some 
programs began with the explicit goal of improving EF or one specific sub-component of 
EF (Diamond et al., 2007; Kloo & Perner, 2003; Thorell et al., 2009), while others had 
broader goals such as improving cognitive and socioemotional school readiness (e.g., 
Bierman et al., 2008) or reducing conduct problems (e.g., Piehler et al., 2013), but have 
nonetheless been shown to improve participants’ EF. 
Tools of the Mind (Diamond et al., 2007) and the Chicago School Readiness 
Program (Raver et al., 2008, 2011) are two examples of programs delivered in a 
preschool classroom setting over the course of an entire school year specifically targeting 
EF or self-regulatory skills. Tools of the Mind is a comprehensive classroom curriculum 
designed specifically to enhance preschool students’ EF (Diamond et al., 2007). The 
program includes 40 core EF promoting activities that are implemented by the teacher in 
the classroom throughout the school day and across the school year. When implemented 
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over two years in schools serving low-income families, children from classrooms 
implementing Tools of the Mind performed significantly better on two behavioral 
measures of EF than children in classrooms that implemented “preschool as usual,” 
defined as the district’s standard literacy curriculum (Diamond et al., 2007). The Chicago 
School Readiness Program (CSRP), a multi-component program that trains teachers in 
classroom management and provision of better regulatory support for students (e.g., 
Raver et al., 2008) was tested among Head Start students in impoverished neighborhoods 
in Chicago. Classrooms participating in the CSRP receive the support of a Mental Health 
Consultant who delivered stress reduction workshops for teachers, one-on-one behavior 
management coaching with teachers, and mental health consultation services to a limited 
number of children per classroom. When children from Head Start classrooms who 
participated in the CSRP program were compared to children from control classrooms 
receiving typical Head Start services, children in the CSRP classrooms had significantly 
larger gains on a direct behavioral measure of EF and on assessor rated EF over the 
course of the school year and those gains in EF partially mediated the program effect on 
students’ preacademic skills (Raver et al., 2011). 
In addition to the programs just described, there are several other examples of 
extended commitment intervention programs that improve participants’ EF despite EF 
not being an initial target of change of program developers (e.g., Bierman et al., 2008; 
Piehler et al., 2013; Riggs, Greenberg, Kusche, & Pentz, 2006). In these examples, EF 
improvements mediate other program related outcomes such as decreasing internalizing 
and externalizing behavior and increasing school readiness. Head Start REDI is a 
comprehensive classroom curriculum that has been shown to improve participating 
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preschoolers’ EF. Head Start REDI is implemented in already existing Head Start 
classrooms and aims to improve students’ self-regulation as well as various other skills 
including prosocial abilities, emotional understanding, control of aggressive impulses, 
language, and emergent literacy. Bierman and colleagues (2008) compared Head Start 
classrooms that were implementing Head Start REDI to those that were not and found 
that implementation of Head Start REDI significantly predicted gains on two EF tasks 
(i.e., one behavioral measure of EF, the Dimensional Change Card Sort, and one assessor 
report of child EF). Further, the reported gains in EF partially mediated improvements 
seen on measures of cognitive and social-emotional school readiness (Bierman et al., 
2008).  
In another example of a program that did not initially aim to improve participants’ 
EF, Riggs and colleagues (2006) reported on the effectiveness of the Promoting 
Alternative Thinking Strategies (PATHS) curriculum on improving participants’ 
inhibitory control, an important subcomponent of EF, when measured behaviorally on a 
Stroop task (Riggs et al., 2006). Again, these improvements in inhibitory control partially 
mediated other, broader program effects. Specifically, improvements in EF mediated the 
effect of PATHS on decreasing children’s externalizing and internalizing behavior (Riggs 
et al., 2006). The PATHS program was included as a subcomponent in another 
intervention program, the Early Risers program that aims to prevent the development of 
conduct problems in homeless children living with their families in temporary supportive 
housing (e.g., August, Realmuto, Hektner, & Boolmquist, 2001). The components of 
Early Risers include Child Skills (i.e., Child Social-Emotional Skills using the PATHS 
curriculum, Child Literature Appreciation, and Child Creative Activities), Child School 
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Support (i.e., identifying and providing support for academic areas of particular challenge 
for individual children), Parent Skills (i.e., building positive parent-child relationships, 
improving parenting practices using the Parenting Through Change program, and 
encouraging involvement in children’s schooling), and Family Support (i.e., tailored 
support from a family advocate to meet the basic needs and health concerns of families). 
The four components are delivered over two years through a variety of mechanisms 
including summer camp activities with children, regular meetings with a family advocate, 
and Family Fun Nights. In an analysis including four time points (i.e., baseline, mid-
program, immediately post-program, and 1 year follow-up), the reduced growth in parent 
reported conduct problems for children who participated in the intervention was fully 
mediated by those children’s change in parent reported EF on the Behavior Assessment 
System for Children (2nd Ed.) – Parent Rating Scale (BASC-2-PRS) (Piehler et al., 2013). 
While many year-long or longer intervention programs improve participating 
children’s EF, the commitment required to deliver such an intensive intervention program 
is not possible for many community agencies who wish to support children’s healthy 
development. Fortunately, there are also examples of much briefer programs that also 
work to improve children’s EF (e.g., Espinet et al., 2013; Kloo & Perner, 2003; Thorell et 
al., 2009; Tominey & McClelland, 2011). In a randomized control trial, 4- to 5-year-old 
preschool aged children assigned to the intervention condition were taken aside during a 
regular preschool day to participate in small group circle time games for half an hour 
twice a week.  The five circle time games children played during this time focused on 
behavioral self-regulation (i.e., attention, working memory, and inhibitory control). Many 
activities in this particular intervention program required children to inhibit or initiate 
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movement on cue (e.g., a game similar to the classic children’s game Red Light, Green 
Light). Among children who began the program with low EF skills, participation in the 
circle time games significantly improved their EF score at post-test (Tominey & 
McClelland, 2011). 
Another relatively brief program that has been shown to improve participants’ EF 
is the computer-based CogMed program (e.g., Thorell et al., 2009). Thorell and 
colleagues (2009) examined the effect of two separate computer training programs on 
visiospatial working memory and inhibitory control in 4- to 5-year-old preschool 
children. In a kind of hybrid setting between a strictly controlled university laboratory 
and a real world, community setting, training occurred in the children’s schools under the 
supervision of trained research assistants (rather than school staff). CogMed computer 
training programs, the training system utilized in this investigation, use an algorithm that 
continuously adapts the difficulty of tasks based on participant performance and provides 
performance feedback for the duration of training.  Children participated in 25 training 
sessions over the course of 5 weeks. The working memory training program included 
games that required children to remember the location and order of stimuli on the screen 
while the games in the inhibitory control training program required children to inhibit a 
prepotent motor response, stop an on-going response, or control signal interference. 
Children trained using the working memory program improved performance on all 
trained tasks as well as untrained visiospatial and verbal working memory tasks. Children 
who completed the inhibitory control training program improved performance on two of 
the three trained tasks, but did not improve on untrained IC tasks or untrained WM tasks. 
These findings indicate that certain aspects of executive function (i.e., WM) might be 
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more amenable to training and have training effects that more readily transfer to 
untrained tasks. 
Children have also shown significant EF improvement following a very brief EF 
reflection training protocol using a card sorting task, the Dimensional Change Card Sort 
(DCCS) requiring participants to sort bivalent stimuli first by one dimension (e.g., color) 
and then by another, mutually exclusive dimension (e.g., number; Kloo & Perner, 2003.) 
Preschool aged children (M = 46.5 months) who performed poorly on a pre-test measure 
of EF attended two 15 minute long training sessions in a university laboratory in which 
they participated in a card sorting task with research staff.  Importantly, each time a child 
erred, the trainer (i.e., a research staff person) corrected the child by explaining how the 
cards should have been sorted in contrast to how they were sorted while pointing out 
relevant dimensions to the child (i.e., “You were looking at the color, but we’re not 
playing the color game anymore. Now we’re playing the shape game.”) Children who 
participated in this reflection training performed better on a similar card-sorting task at 
post-test than did their peers in the control group who did not receive any reflection 
training (Kloo & Perner, 2003). 
More recently, Espinet and colleagues (2013), replicated and extended the 
findings of Kloo & Perner (2003). Preschool-aged children (M = 41 months) participated 
in reflection training on the DCCS using a procedure identical to that used by Kloo and 
Perner (2003). Not only did children improve their performance on a card sorting task 
relative to controls after two 15 minute reflection training sessions as was reported by 
Kloo and Perner (2003), but children also improved performance after receiving only half 
the dosage of the original training, just one 15 minute reflection training session 
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immediately following pre-test (Espinet et al., 2013). Both a tabletop version of the card 
sorting reflection training as well as a computerized version were effective in boosting 
participants’ EF. The behavioral results reported in this study were complimented by 
ERP data showing decreased N2 amplitude in trained children during post-switch trials of 
the card-sorting task, indicating a decrease in conflict detection in trained participants 
(Espinet et al., 2013). 
Reflection training. One particularly promising strategy successful after only 
brief training is the EF reflection training strategy used by the last two studies described 
(i.e., Kloo & Perner, 2003; Espinet et al., 2013). EF reflection training involves targeting 
participants’ conscious reflection on their thoughts and actions. EF training with a focus 
on reflection emphasizes conscious as opposed to automatic decision-making. In addition 
to reflection on one’s actions, reflection training often includes reflection on one’s 
mistakes, the reasons for those mistakes, and on a course of action to remedy a mistake. 
EF reflection training is the method employed to improve children’s EF in the current 
study. Reflection training used with card sorting tasks like the DCCS is thought to 
improve participants’ performance by helping the participant notice the conflict inherent 
in the bivalent stimuli, encouraging reflection on that conflict, and supporting the 
participant’s formation of a new set of rules that are appropriate to the hierarchical nature 
of the task. 
Theoretically, reflection training garners support from the Cognitive Complexity 
and Control Theory – revised (CCC-r; Zelazo et al., 2003). The CCC-r proposes that EF 
develops not as a function of the maturity of any one component (e.g., working memory, 
inhibitory control), but as a consequence of children’s increasing ability to represent and 
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reflect upon hierarchically complex rule structures (Zelazo et al., 2003). A child who can 
only represent a first order rule but cannot reflect upon the existence of two mutually 
exclusive first order rules, is unable to switch flexibly between those rules. That is, a 
child with less sophisticated EF can represent only a single first order rule at a time. EF 
develops as a child ascends through levels of consciousness and can consequently reflect 
on the existence of more complex rule structures. Reflection training, as is implied by its 
name, requires children to reflect on their existing rule representations through (a) 
reflection on the relevant rules (b) consideration of the antecedent conditions and (c) 
specification of the consequents associated with each antecedent (Espinet et al., 2013).  
Reflection training also gains theoretical support from the Vygotskian idea of 
scaffolding within the zone of proximal development (ZPD; Vygotsky, 1987). In the 
procedure used in the current study, children do not receive training until they reach a 
point where they err. At that point, the child has already correctly completed the previous 
trials that were only slightly easier, yet failed the current, slightly more difficult trial. 
Thus, the current trial on which an error occurred is likely to be well within the child’s 
ZPD. We can therefor reasonably expect that the child would succeed at the current trial 
when given the proper support from a more competent individual (i.e., the adult 
delivering the EF training). The idea of scaffolding is especially relevant for the 
reflection training in the current study as we have extended EF reflection training to 
apply to various levels of difficulty in the primary EF task both above and below the base 
level.  
Further in line with Vygotskian ideas, the guidance offered by the adult during 
reflection training aims to move the child from other-regulated to self-regulated. This 
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movement from other- to self-regulation occurs at two levels in the current reflection 
training procedure. In a single instance of the reflective training feedback, the trainer first 
explains the relevant rules and the child’s mistake, modeling the reflective thought 
process for the child. The trainer then asks the child to explain the rules themself and asks 
the child a series of questions prompting reflection on their own mistakes and relevant 
rules. To conclude the reflective training instance, the trainer allows the child make the 
correct action. The progression within a single trial flows from adult- to child-directed. 
Second, on a broader scale, the trainer aims to use this adult-guided training on earlier 
trials to move toward the child themself remembering and applying the relevant rules in 
the absence of adult feedback in subsequent trials. While the child may err several times 
and require relatively frequent adult-lead reflection training as they attempt trials earlier 
in the sequence, an effective administration of the reflection training will eventually 
allow the child to apply the relevant rules required to pass a trial without adult guidance. 
See the subsequent Design section for further discussion on the specific EF training 
protocol used in the current study. 
The choice to use reflection training as the specific form of EF intervention in the 
current study certainly has theoretical rationale and empirical backing. However, the 
primary aim of the current study is not to prove the effectiveness of this specific type of 
EF training, but rather to examine the characteristics of children who respond and those 
who do not respond to EF training more generally. In that sense, the choice to use EF 
reflection training can be thought of as a decision necessary but not sufficient for the 
goals of the current research. The use of a proven and efficient training procedure (e.g., 
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effects in as little as a single 15 minute training session) will provide the necessary 
foundations to examine the primary questions of interest.  
Moderators of Response to Executive Function Training 
The association between EF early in childhood and adaptive functioning later in 
development is clearly established, as is the notion that this specific skill set is amenable 
to improvement following practice and training efforts, especially during the preschool 
years. Yet, despite the growing number of reports of efficacious EF training programs, 
the success of these training programs is not universal. Some children improve following 
training more so than others do. Further, some children do not respond at all to training 
efforts. There are many potential culprits for the variability in training success including, 
but not limited to, participant gender, age, race, SES, initial level of EF, characteristics of 
the person or agency who delivers the intervention, the setting in which the training is 
delivered, and the length or dose of training. Variations in any one of these factors may 
moderate how successful a given training program is at improving EF in its participants. 
Given the quantity of potential moderators, an exhaustive examination of each is beyond 
the scope of the current research. Instead, the current study explored in detail the effect of 
two selected moderators, initial level of EF and poverty-related risk. 
Initial skill level. One of the most robustly replicated moderators of the 
effectiveness of interventions of varying aims, EF and otherwise, is a participant’s initial 
level of the attribute targeted by that intervention. The moderating effect of participants’ 
initial level of the targeted attribute has been examined in programs for different age 
groups, preschoolers to adolescents, and in programs targeting a variety of outcomes, 
from EF to substance abuse. Two distinct theoretical possibilities exist. On one hand, it is 
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possible that participants with a lower initial level of the target attribute will gain more 
from an intervention because those participants have more room for improvement. The 
opposite is also possible, that participants starting with a higher level of a given attribute 
will gain the most from an intervention because those participants are more equipped to 
benefit from that intervention from the start. For instance, considering a classroom level 
EF intervention, perhaps only participants with high initial levels of EF are able regulate 
their attention well enough to benefit from a classroom level EF-focused curriculum.  
The extant intervention literature finds support for the former possibility. That is, 
participants with the lowest initial level of an attribute typically show the most 
improvement over the course of the intervention. Those who have the “most to gain” do 
indeed gain the most. Recent reviews by Diamond and colleagues (Diamond & Lee, 
2011; Diamond, 2012) make specific mention of this general trend in the EF training 
literature. This relation is true both for participants’ initial level of EF (Diamond & Lee, 
2011; Diamond, 2012) and for participants’ initial level of various other targeted skills 
including math and reading achievement scores (Reardon & Galindo, 2009). Specific 
examples from programs that have been shown to improve participants’ EF are 
considered below. 
In their randomized controlled trial of the Head Start REDI intervention, Bierman 
and colleagues (2008) explicitly considered the opposing theoretical possibilities 
discussed above regarding participants’ initial level of EF. One possibility holds that 
children with lower initial EF performance will gain more from the classroom level 
intervention as the program will help these low performing children engage more 
effectively in classroom learning. An alternative possibility is that a classroom level 
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intervention might not reach the lowest performing students as they are currently 
functioning at too low a level to gain from such a program. The intervention would thus 
produce greater improvement in students with higher initial levels of EF, those who are 
ready to be immediately engaged in the program. The data from this trial support the 
former possibility. In fact, the program effects in this study were only evident when 
considering children starting at a lower initial level rather than the entire sample. 
Children with lower initial scores on behavioral and observational measures of EF (i.e., a 
behavioral measure requiring children to walk a line slowly as well as assessor rated task 
orientation during testing sessions), showed larger gains in social competence and early 
literacy following the intervention than children in control classrooms whereas children 
with high initial scores had change scores that did not differ significantly from children in 
control classrooms (Bierman et al., 2008). 
The findings by Bierman and colleagues (2008) are consistent with various other 
studies measuring participants’ initial EF performance. In a randomized control trial of a 
mindfulness intervention program implemented in an elementary school, 7- to 9-year-old 
participants with lower initial parent- and teacher-rated EF showed greater improvement 
in EF over the course of the intervention (Flook et al., 2010). In fact, it was only the 
children who started with the lowest EF ratings who improved compared to children in 
the control condition. In examining moderators of the results of a lab-based training 
program targeting executive attention, Rueda and colleagues (2005) found that 4 and 6 
year olds with poorer initial performance on a conflict task (i.e., Flanker) were more 
likely to show training effects following five training sessions in a university laboratory. 
In a separate sample, after participation in eight weeks of EF-focused preschool circle 
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time activities, preschool children who initially scored in the bottom half of EF scores 
prior to the intervention gained an average of 16.3 points on the Head Toes Knees 
Shoulders (HTKS) task while children initially who scored in the top half of EF scores 
only gained an averaged of 6.1 points (Tominey & McClelland, 2011). Further, it was 
only when children with the lowest initial HTKS scores were included in the model, as 
opposed to including the entire sample, that participation in the intervention significantly 
predicted improved EF performance. 
 Given the robustness of this trend, it is tempting to assume that those scoring 
lowest at pretest are truly gaining more skill over the course of the intervention than those 
initially scoring highest. However, it is important to consider alternative explanations for 
this phenomenon. For instance, rather than a true improvement in skill level attributable 
to the intervention, regression to the mean might explain why low scorers tend to score 
higher at post-test. A regression to the mean explanation holds that when one assessment 
falls on an extreme end of a distribution (e.g., extremely low EF at pre-test), the next 
assessment is more likely to fall closer to the average. Thus, for children scoring 
exceptionally low at pre-test, their apparent improvements over the course of the 
intervention could be due solely to the statistical probability that their second assessment, 
the post-test assessment, will fall closer to the average score of all participants, thus rising 
for initial low scorers.  This explanation, however, does not hold when one examines the 
opposite end of the distribution. Typically, the scores of children who score at the other 
extreme end of the distribution (i.e., extremely highly) at pre-test do not trend downward 
(toward the mean) at post-test. Rather, children who score highly at pre-test tend to 
continue scoring highly at post-test. 
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 Another alternative explanation might be that children who score low initially are 
more variable in their attention and performance day-to-day. The children who scored 
low initially then could simply be experiencing an “off day” in which their performance 
does not reflect their true skill level. The intervention could reduce the day-to-day 
variability in performance of low scoring, yet variable children. At post-test then, these 
children are less susceptible to “off days” and better able to demonstrate their true skill 
level. While this reduction in day-to-day variability is not necessarily an explicit aim of 
most EF interventions, the reduction in variability itself could be viewed as an unintended 
benefit of the intervention. A child who is better able to display their true level of 
functioning day in and day out is likely to have more consistently positive experiences in 
the classroom. While reducing variability may be construed as a positive effect of the 
intervention, it is important to keep in mind that this effect of the intervention is entirely 
different than changing participants’ true skill level and must be measured in different 
ways. The current body of evidence surrounding EF training does not conclusively 
address this potential explanation of the trend.   
We know that EF shows rapid natural development during the preschool period 
with a steady slow down in that growth following the spurt of activity (Carlson et al., 
2013). It may be this naturally occurring difference in growth rate that accounts for the 
findings that those who start with more sophisticated EF gain less from the intervention. 
The relative gains may have little to do with the intervention, but rather reflect the 
maturational growth. In the context of an intervention program that lasts for six months, 
the children who displayed higher EF scores at the start of those six months would 
naturally be expected to gain less over the coming months than a child who displayed 
	25	
lower EF scores and was poised to start his or her natural growth in EF during the next 
six months.  
Yet another alternative explanation to consider is that of ceiling effects. It may be 
that children who score high initially do not appear to improve as much as their low 
scoring peers because the measures used are not able to accurately measure differences in 
performance past a certain point. That is, initial high scorers might gain just as must true 
skill as their low scoring peers during the course of the intervention, but these gains are 
not apparent during assessment because the child was already scoring near the top of a 
tool’s scoring capacity at pre-test.  Careful consideration must be given to both 
theoretical ceilings as well as functional ceilings. For some measures, a child may be 
scoring at the highest theoretical point on a measure at pre-test (e.g., they receive the best 
score possible on that measure; 10 out of 10). For other measures, a functional ceiling 
may be reached before the theoretical ceiling is reached. For example, perhaps a child 
could theoretically receive a perfect score of 30 on a teacher-report behavior measure. 
However, no preschool aged child is likely to be flawlessly regulated all of the time. 
Thus, no teacher is likely to give a 30 even to the most well-regulated students in their 
class. Instead, there is a functional ceiling of 25. Therefor, while it looks like there is 
room for a child scoring 25 on pre-test to improve, functionally the child is quite unlikely 
to ever receive better score. 
Indeed, some empirical evidence also exists that seems to suggest the opposite 
trend. Among 3-5-year-old children who participated in a training protocol designed to 
improve their performance on a theory-of-mind task, those who scored higher initially on 
a large battery of EF tasks were more likely to improve their theory-of-mind performance 
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and their ability to explain the task and the correct way of answering (Benson, Sabbagh, 
Carlson, & Zelazo, 2014). In this example, children with higher EF at the start of the 
intervention were more likely to benefit from the training protocol. It is important to note, 
however, that this example is different from those discussed previously in that children’s 
EF predicted their gains in a disparate skillset. Here it seems likely that children with 
better EF were able to use those skills to bolster their learning during the training 
protocol in a way that children may not be able to do when the explicit target of the 
training is the EF skills themselves. 
A final explanation for the trend that children with lower initial skill gain more 
following participation in an intervention program is that a third, unmeasured causal 
variable exists that correlates with both initial skill level as well as post-test skill level. 
Candidate causal variables are too numerous to list exhaustively here, but some examples 
include children’s socioeconomic status, gender, life stress, IQ, and age. 
Given the possible alternative explanations for the moderating influence of 
participants’ initial score on response to intervention, examining methods to rule out 
alternative possibilities is useful. In order to examine day-to-day variability in 
participants’ performance, one could employ repeated measures on different days with 
each subject at each time point (e.g., measuring EF prior to the intervention on more than 
one day). One could then examine whether children who score lowest initially do indeed 
have more variability in their performance from one assessment session to the next in the 
absence of any training or intervention. Further, collecting repeated measurements at both 
pre and post-test allows researchers to average across performance at multiple assessment 
sessions, giving a better estimate of the participants’ true skill level. A note of caution is 
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in order, however, for those who choose this strategy. When employing multiple 
measures, one must be careful to choose measures with good within subject reliability 
and few practice effects. 
Another approach to better ascertain participants’ true skill level is the use of 
measures from multiple informants. If the dramatic increase in initial low scorers’ skill 
appears in data gathered using teacher report, parent report, and observational assessment 
in addition to direct behavioral assessment, researchers can have more confidence that the 
increase represents a true improvement in skill. The multi-informant approach and 
repeated measures approach are not mutually exclusive. In fact, their complementary, 
concurrent use in a single design might provide even more confidence that any 
improvement observed in participants’ skill over the course of the intervention represents 
a true change in their skill level. 
The issue of possible ceiling effects can be addressed both by more carefully 
selecting measures as well as by using multiple measurements. Judiciously selecting 
measurements that go beyond the full range of functioning you expect to see would better 
assure that ceiling effects do not inhibit your ability to demonstrate improvement by 
initially high scoring participants. Another possibility is to create a composite score 
across several different measures to attenuate ceiling effects as it is less likely that all of 
the measures included in the composite score restrict range of higher functioning 
participants. 
Socioeconomic status. Socioeconomic status (SES) refers to a combination of 
material wealth and non-economic characteristics (e.g., social prestige and educational 
achievement) that is associated with predictable differences in a host of indicators 
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ranging from physical and mental health, to neighborhood quality, to life stress, to 
cognitive ability (e.g., Bradley & Corwyn, 2008; Conger & Donnellan, 2007; Duncan & 
Magnusson, 2003; Krieger, Williams, & Moss, 1997). The three primary indicators of 
socioeconomic status have traditionally included income, education, and occupational 
prestige. There exists general consensus among researchers that these three indicators 
accurately measure the theoretically meaningful aspects of SES, and those aspects 
thought to covary with a variety of outcomes of interest (Bradley & Corwyn, 2002; 
Ensminger & Fothergrill, 2003). While SES includes a continuum of scores representing 
the entire range observed in the population, poverty is considered the lowest extreme end 
of the socioeconomic spectrum. The preponderance of evidence indicates that children 
who grow up in poverty are at risk for a host of adverse outcomes including less 
sophisticated EF or self-regulation (Raver, Blair, Willoughby, & Family Life Project Key 
Investigators, 2013), diminished cognitive functioning (Yoshikawa, Aber, & Beardslee 
2012), poorer academic performance (Brooks-Gunn & Duncan, 1997; Duncan, Yeung, 
Brooks-Gunn, & Smith, 1998), and an increased incidence of behavioral problems 
(Linver, Brooks-Gunn, & Kohen, 2002).  
Socioeconomic status and executive function. We know that children from 
families with lower SES exhibit worse performance on EF tasks than peers from families 
with higher SES, a trend that emerges even at the earliest point we measure such skills 
(Hackman et al., 2015). Despite these difference associated with SES when EF is 
measured at a single time point, the majority of the research indicates that a family’s SES 
does not predict the rate of growth of EF across early and middle childhood (e.g., Clark, 
Sheffield, Chevalier, Nelson, Wiebe, & Espy, 2013; Hackman et al, 2015). Among a 
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nationally representative sample of 1,009 children enrolled in the NICHD Study of Early 
Child Care, neither family income-to-needs ratio nor maternal education had a significant 
effect on the growth trajectory in working memory or planning ability, with high SES and 
low SES children growing at approximately the same rate from their respective starting 
points (Hackman et al, 2015). It can be implied then, that without intervention, the 
disparities in children’s EF due to SES will remain consistent throughout development. 
One of the ways SES may affect children’s executive function is through 
differences in parenting. The Family Stress Model (Conger & Donnellan, 2007) and the 
Family Investment Model both aim to describe how SES may affect children’s EF by 
way of parenting. The Family Stress Model proposes that parents in lower SES families 
experience significantly more stress (e.g., economic pressures, housing instability, 
violence in the neighborhood) than parents in higher SES families. The increased stress 
taxes parents’ limited cognitive and regulatory resources, leaving fewer resources 
available to invest in quality, sensitive, and responsive parenting of their children. In the 
Family Investment Model, family SES influences children’s cognitive development by 
way of parental investment in stimulating, learning resources, environmental opportunity, 
and available time to spend with children. In addition to potential differences in parenting 
attributable to SES differences, studies have linked a lack of learning resources (e.g., 
books, magazines, writing tools) in many lower SES children’s home to lower inhibitory 
control and cognitive flexibility in preschool (Clark et al., 2013). It is important to note 
that these two theories regarding the influence of family SES on children’s development 
are not mutually exclusive. In fact, it is likely that a combination of mechanisms 
described in both theories are working to influence children’s EF. 
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Although SES is often linked to broadband measures of cognition (e.g., IQ, 
achievement test scores), there is reason to believe that SES may exert a stronger 
influence on specific aspects of cognition, particularly EF. While many aspects of 
cognition (e.g., spatial cognition, memory, visual cognition) develop rapidly in the natal 
and postnatal periods, other neurocognitive systems (e.g., EF) follow a more protracted 
course of development. Because EF follows a prolonged maturational course, it may be 
more vulnerable to post-natal environmental influence. Empirical support for this idea 
was found among a sample of middle and low-income kindergarten children (Noble, 
Norman, & Farah, 2005). While there were no group differences between middle- and 
low-income children’s spatial cognition, memory, or visual cognitive system, differences 
were found in the groups’ performance on EF tasks. Specifically, children from middle 
SES backgrounds performed better than their low SES peers on several EF tasks (i.e., go-
no-go task, a ‘false alarm’ task, and a marginally significant difference on performance 
on the Dimensional Change Card Sort). Regression analyses revealed that an SES 
composite score (including average parental education, parents’ occupational prestige, 
and family income-to-needs ratio) accounted for 15.3% of the observed variance in 
children’s EF. Interestingly, while SES predicted many of the traditional EF tasks (e.g., 
go-no-go, DCCS), SES did not predict children’s performance on a delay of gratification 
task (Noble et al., 2005). 
The link between SES and EF is not only present when these variables are 
measured in childhood. In one prospective longitudinal study, childhood poverty at age 9 
predicted emotion regulation and related neural networks at age 24, even when 
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controlling for current, adult income (Kim et al., 2013). This means that childhood SES is 
linked to an individual’s EF at least until early adulthood. 
Socioeconomic status as a moderator of response to training. As socioeconomic 
status is related to children’s EF at baseline, it is reasonable to assume that SES might 
also moderate response to EF training. While many studies have examined the 
moderating effect of the initial level of participants’ EF on response to intervention, only 
three studies involving EF, to the author’s knowledge, have investigated the moderating 
effect of socioeconomic variables on the effectiveness of early childhood psychosocial 
intervention. In the first of those studies, Raver and colleagues (2009) measured 
socioeconomic variables of participants in their efficacy trial of the Chicago School 
Readiness Project (CSRP; described previously). Researchers assigned each participant a 
composite score based on their poverty-related risk profile. Participants received a 
composite “poverty-related risk” score of 0 – 3 (with lower scores indicating less risk and 
higher SES) for the presence of the following socioeconomic risk factors: a family 
income-to-needs ratio for the previous year of less than half the federal poverty threshold, 
mother’s educational attainment of less than a high school degree, and mother’s 
engagement in fewer than 10 hours of employment per week. Children who experienced 
all 3 of these poverty-related risks received a composite score of 3 whereas children who 
experienced none of these risks received a score of 0. Using an observational assessment 
of children’s internalizing and externalizing behavior problems in the classroom, the 
Penn Interactive Peer Play Scale (PIPPS), researchers found a significant intervention by 
poverty-related risk interaction. Children exposed to none or only one poverty-related 
risk showed decreased internalizing and externalizing behavior problems following the 
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intervention while children exposed to two or three of those risks did not show a 
significant decrease in these behavior problems. Thus, the intervention was primarily 
effective only for children who were exposed to fewer poverty-related risks in this 
sample. The same relation between poverty-related risk and program success was not 
present, however when considering a teacher-report measure of internalizing and 
externalizing behavior problems, the Behavior Problem Index (BPI), completed by 
children’s preschool teachers in the fall and spring of the academic year. 
 In interpreting these results, it is important to recognize that the sample studied by 
Raver and colleagues (2009) was an extremely impoverished group as a whole, 
representing the lowest end of the socioeconomic spectrum. Participating children in this 
study were drawn from seven high-poverty neighborhoods in Chicago, each of which had 
the following characteristics: a poverty rate above 40% for families with children under 5 
years old, more than 400 Head Start eligible children, less than a 15% decrease in poor 
families due to Chicago Housing Authority demolition and/ or gentrification in recent 
years, a crime rate above median level, and a substantial ethnic minority population 
(Raver et al., 2008). Because of the extreme nature of the poverty facing all children in 
the study, those facing the most poverty-related risks (i.e., those experiencing 2 – 3 of the 
study defined poverty-related risk factors) represent the “worst of the worst” in regards to 
socioeconomic position and opportunities. Considering an intervention that samples 
socioeconomic backgrounds more broadly, and thus defines socioeconomically 
disadvantaged participants with less extreme standards, may not find the same 
relationship between poverty-related risk and program effects. 
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The second study to examine the moderating impact of SES-related variables on 
response to intervention involved two separate EF training programs delivered to a more 
representative sample 3-5 year old children in Argentina (Segretin et al., 2014). The 
training programs in this study focused on several different specific sub-components of 
EF including attention, inhibitory control, working memory, flexibility, and planning. 
Here, socioeconomic status moderated participants’ growth trajectories following 
completion of the training programs. Again in this sample, better socioeconomic 
conditions were generally associated with steeper growth trajectories. Specifically, the 
housing condition in which a child lived (i.e., less overcrowding and fewer housing 
stressors) was positively associated with growth in selective attention. Growth in working 
memory was also predicted by higher social resources for the family (e.g., a larger social 
network). Lastly, improvements in planning (i.e., the Tower of London task) were 
moderated by parental education and family composition such that children from families 
with higher average parental education and two-parent families demonstrated steeper 
growth trajectories following training. These findings indicate that in general, children 
who experience less socioeconomic stress respond more readily to EF training. 
The opposite pattern has also been observed. In their multi-classroom randomized 
control trial of the Tools of the Mind curriculum, Blair and Raver (2014) found that the 
program was both effective on children’s executive function in general and that this 
effect was particularly pronounced for students from high-poverty schools (Blair & 
Raver, 2014). This moderating effect of SES was present in various measures of the 
extensive battery employed in this study. Students from high-poverty schools showed a 
larger treatment effect when considering the reaction time of a composite EF measure of 
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3 computerized EF tasks (Hearts & Flowers, Flanker, & DCCS). Although not 
statistically significant, the difference between children in treatment and control groups 
was also larger when considering overall accuracy on these tasks in high poverty schools. 
On other tasks, there was no overall difference between treatment and control groups; 
group differences only emerged when restricting analysis to children in high poverty 
schools (i.e., Dot-Probe task). In addition to differences on these traditional EF measures, 
group differences were also observed in stress response, physiological measures that were 
larger for children from high poverty schools (i.e., salivary cortisol and salivary amylase). 
Lastly, SES moderated group differences in academic achievement measures following 
participating in the intervention program, specifically on measures of vocabulary and 
general fluid intelligence (Blair & Raver, 2014). 
In theses three examples, we see two instances of children from lower SES 
backgrounds gaining less from the intervention (Raver et al., 2009; Segretin et al., 2014) 
and one instance of children from lower SES backgrounds gaining more from the 
intervention (Blair & Raver, 2014). The question of how participants’ SES affects their 
response to EF training has not been answered conclusively in the extant literature. 
Considering the overall SES of the samples in these studies is important. In the studies 
that find that lower SES children are less likely to gain from the intervention program, the 
samples used were extremely impoverished overall. The sample utilized by Raver and 
colleagues (2009) came exclusively from Head Start programs, programs that have strict 
income eligibility criteria and are available only to those children from families with 
incomes below the federal poverty line. Thus, the children from higher SES families in 
that study would, when compared to the general population, be considered low SES 
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families. The children considered lower SES in the study represent the poorest of the 
poor, the most extreme end of the SES spectrum. These very low SES children may not 
gain much from the intervention because of the amount of chaos and toxic stress in their 
environments. The intervention may not have been enough to overcome that extreme 
level of risk and stress. However, the children who are enrolled in Head Start, but who 
are not as low on the SES spectrum do not have as much working against them in their 
environment and they are still able to gain measurable skills from the intervention. 
Examining the moderating effect of SES in a sample representing a broader range of SES 
would do a better job in answering this question empirically. 
The combined effect of initial skill and socioeconomic status. When examining 
the effects of both participants’ initial skill level and poverty-related risk on program 
success, one must consider the existence of two distinct reasons why children might score 
poorly on pre-test assessments. Firstly, their true skill level may indeed be lower than that 
of their peers simply due to lack of practice with the specified skill. Here, the child would 
likely benefit from learning new skills and strategies along with repeated opportunities to 
practice those newly learned strategies and skills. Such an opportunity can easily be 
provided in an EF training or intervention setting. In fact, this very scenario is just what 
many such interventions were designed to do. Another possibility exists, however, to 
explain participants’ low initial level of skill: their experience of poverty-related risk. In 
this case, the child may be facing so many obstacles and so much chaos due to family and 
neighborhood factors that they are not able to gain meaningful or measureable skill from 
an intervention program. There are indeed factors beyond the scope of EF intervention 
(e.g., family violence, hunger, unsafe home environments) that affect the child’s ability to 
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learn or gain from any intervention program. Given the different patterns of response to 
intervention observed in children with low initial skill (i.e., generally positive) and 
children entering the intervention facing many poverty-related risk (i.e., generally 
negative), it seems essential to consider why a child might be performing a certain way 
prior to the start of the intervention. Such a question must be addressed by considering 
both moderating variables in the same sample. 
The Present Study 
Rationale 
A review of the EF training literature revealed that a number of efficacious 
intervention programs, quite diverse in their duration and format, exist that succeed in 
improving young children’s EF (see Diamond, 2012 for a review). Yet even the most 
successful EF training programs do not improve the EF of all participants equally. 
Examination of potential moderators of response to training would help identify subsets 
of participants for whom we can expect the strongest program effects. Further, concurrent 
examination of more than one moderator in the same sample of participants would allow 
for a more in depth examination of the complex relationships between potential 
moderators of response to EF training. 
Identifying moderators of response to EF training has important policy 
implications regarding allocation of training and intervention resources. In an 
environment where funding for costly intervention programs is increasingly hard to come 
by, allocation of the available resources to those individuals who are most likely to 
benefit from participation represents the most efficient use of those valuable resources. If, 
for instance, a school district has funds to implement an EF training program for only a 
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portion of its total student body, the district would be best served to provide the program 
to children with characteristics shown to predict program-related gains, such as those 
with lowest initial levels of EF. However, consideration of a single moderator is unlikely 
to provide all the necessary information for such a decision. While having a dichotomous 
yes-or-no decision point on whether to include an individual in an intervention program 
could certainly benefit community implementers of interventions, consideration of 
multiple participant characteristics is likely necessary to provide a more accurate 
prediction of whether delivering a given intervention to an individual is worthwhile 
(Murphy, Collins, & Rush, 2007). What suggestion would be made, for instance, 
regarding a child with low initial EF, making her likely to benefit from training, but who 
was also experiencing much poverty-related risk, making it simultaneously likely that she 
may be too overburdened with chaos present in her environment to benefit from the 
intervention? Moderators must be considered in relation to one another, giving a more 
detailed profile of an individual, to more accurately predict whether a child will benefit 
from a given intervention. 
A better understanding of the relationship between a child’s initial level of EF and 
his or her exposure to poverty-related risk is needed to successfully identify those 
participants for whom EF training programs are most effective. The current research 
considers the impact of both moderators measured concurrently in the same sample. 
Examining the unique and combined effects of children’s initial EF and their SES on 
improvements made over the course of EF training will help disentangle this complicated 
but important relationship between moderators of responsiveness to intervention. The 
primary research questions in the present study involve examining the moderating effect 
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of children’s initial EF and family SES on child response to a brief EF training 
intervention.  
Research Aims 
My long-term goal is the dissemination of empirically validated early intervention 
programs to serve children and families who are most likely to benefit from participation. 
This goal requires an empirical understanding of the extent to which various participant 
characteristics moderate responsiveness to intervention. The objective of this dissertation 
research is to determine the characteristics of children who benefit from EF reflection 
training. The central hypothesis is that an individuals’ EF prior to intervention and their 
SES will impact the extent to which they respond to training. Specifically, I expect that 
children with low EF prior to the intervention will gain more from the intervention than 
children with higher EF at pre-test. I also expect that children from families with lower 
SES will gain more from the intervention than peers from families with higher SES. 
Without identifying characteristics of participants who respond most readily to EF 
training, the field is unable to move toward development of screening tools to determine 
which individuals should be targeted for intervention.  
I plan to test my central hypothesis and accomplish the overall objective of the 
dissertation research by pursuing the following three specific aims: 
Aim 1: Identify the extent to which participants’ initial EF influences 
responsiveness to EF training. 
Aim 2: Determine the extent to which participants’ SES moderates 
responsiveness to EF training. 
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Aim 3: Describe the relationship between participants’ initial EF and their SES as 
these characteristics relate to responsiveness to EF training. 
Method 
 The current study was conducted by the author (Erin Schubert) along with well-
trained, well-supervised undergraduate research assistants. The data and analyses 
presented here represent the primary analyses of a unique dataset collected solely for the 
purposes of this dissertation. 
Participants  
Parents and children were recruited from a total of seven participating childcare 
centers throughout the Twin Cities and surrounding area. While all seven centers were 
private childcare centers, the children attending those centers reflected the demographic 
and socioeconomic characteristics of the neighborhood in which the center was located, 
resulting in a relatively diverse and representative sample (described below) of preschool 
aged children attending childcare centers throughout the Twin Cities and surrounding 
suburbs. Lower income families were able to utilize childcare assistance monies to attend 
these centers, and several participating families did so. The selected childcare sites were 
in various locations throughout the Twin Cities metropolitan area representing 
economically diverse neighborhoods ranging from privileged suburbs to disadvantaged 
inner-city neighborhoods. This variability was a planned aspect of the study design to 
allow for the requisite variability in both initial EF and socioeconomic status necessary to 
examine the moderating effect of these variables on response to intervention. The seven 
participating sites included locations in Blaine, Roseville, a traditionally low-income 
neighborhood in St. Paul, Plymouth, Richfield, Prior Lake, and Brooklyn Park. 
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Children at these childcare centers were eligible to participate if they were 
between the ages of 3 years 0 months and 4 years 6 months old. This age range was 
selected based on previous EF training literature (e.g., Espinet et al., 2013), the expected 
naturally occurring variability in direct behavioral assessments of EF from children in 
this age range, and the alignment with the window of opportunity for early EF 
intervention (see detailed discussion in the Preschool: A window of opportunity section 
above). Additional eligibility criteria included fluency in English and the absence of 
developmental delays as reported by the child’s parent or teacher. If there was more than 
one eligible child in a single family, one child was randomly selected for participation by 
the researcher. Specifically, the child whose birthdate (regardless of year) was closer to 
the date of enrollment in the study was chosen as the participant. 
Procedures 
Research staff recruited parents of eligible children during drop-off and pick-up 
times at the participating childcare centers. A recruitment staff member stood near the 
entrance of the building with a poster describing the project and engaged interested 
parents in a brief discussion of the study as they entered or left the center. When a parent 
expressed interest in participating, recruitment staff moved to a more private area and 
obtained informed consent from the parent. The parent was given either a link to online 
parent questionnaires or given a physical paper packet of the questionnaires, depending 
on the parent’s preference.  
Following parental consent to participation, children were randomly assigned to 
the EF reflection training condition (intervention group, n = 77) or the control condition 
(control group, n = 59). The children in both groups participated in the study over four 
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separate days at the childcare site that the child attended. The four day process included 
the pre-test assessment on Day 1, EF reflection training or active control activities, 
depending on group assignment, on Days 2 and 3, and post-test assessment on Day 4 (see 
Figure 1 for a schematic representation of this process). Sessions on Day 1 and 4 lasted 
approximately 30 minutes while sessions on Day 2 and 3 lasted between 10 to 15 
minutes. All sessions were conducted in a private location within the childcare center 
(e.g., in an empty classroom, in the hallway away from other students, in the staff lounge) 
where students worked individually with experimenters. Participation in all four sessions 
for the project occurred within 14 days for any one participant, allowing for student 
absences and other logistical challenges associated with assessing and training children in 
an operating childcare center setting (e.g., field trips, staff trainings, etc.). Therefore, a 
child may have completed all sessions in four days or may have taken as long as 14 days 
to complete all four sessions. If, for instance, a child only attended the center on Mondays 
and Wednesdays, the child would complete Day 1 on Monday of the first week, Day 2 on 
Wednesday of the first week, Day 3 on Monday of the second week, and Day 4 on 
Wednesday of the second week, completing the entire procedure in 14 days. The mean 
number of days that it took for participants to complete all 4 sessions was 8.43 days (SD 
= 2.91, Range = 4 – 14 days). Preliminary analyses confirmed that the number of days 
between pre-test and post-test assessment sessions was not a significant predictor of 
children’s post-test scores on the EF measures of interest. 
The EF reflection training protocol replicated the training procedures followed by 
Espinet and colleagues (2013). As the primary purpose of this dissertation research was 
not to establish a unique successful EF training paradigm, but rather to examine 
	42	
moderators of children’s response to intervention, following an established EF training 
protocol offered a low-risk opportunity to focus on the primary research aims. Given past 
success with this EF training protocol as well as established variability in training success 
(Espinet et al., 2013), use of this training procedure had a high likelihood of showing 
efficacy in improving children’s EF in the intervention group overall and of producing 
the variability in response to training needed to examine the moderators of theoretical 
interest. 
Intervention group procedure. EF reflection training focused on the Executive 
Function Scale (EF Scale; Carlson & Schaefer, 2012). The EF Scale is a scaled version of 
the Dimensional Change Card Sort (DCCS; Zelazo, 2006), a well-established measure of 
EF during the preschool years. The DCCS requires children to sort stimuli first according 
to one rule and then, after several trials, by a different rule. In the traditional version of 
this task, two boxes are labeled with two different target cards (e.g., one with a blue star 
and the other with a red truck) and children are presented with test cards (e.g., a blue 
truck or a red star) that they must sort into the appropriate boxes. In the pre-switch phase, 
children are instructed to sort by color: All the blue ones go in one box, and all the red 
ones go in the other. After sorting 5 cards according to the first rule, children are told to 
sort the cards by shape in the post-switch phase: All the trucks go here, and all the stars 
go there. Frequently, typically developing preschool-aged children will sort incorrectly 
on the post-switch phase, continuing to sort by the pre-switch rules (see Zelazo, 2015 for 
a review). The DCCS is considered a gold standard measurement tool of EF in early 
childhood, as the task successfully taps all three subcomponents of EF. Cognitive 
flexibility is needed to think about cards according to two different, mutually exclusive 
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rule sets and flexibly shift between use of those rule sets. Inhibitory control is needed to 
stop oneself from sorting by the pre-switch rules in the post-switch phase. Lastly, 
working memory is needed to keep multiple sets of rules in ones mind during the task 
procedure. 
The EF Scale used in the current extends the original DCCS task by adding levels 
of complexity above and below the traditional task of sorting cards on two dimensions 
(Carlson & Schaefer, 2012). This leveled instrument was originally designed as a 
measurement tool to capture variability in young children’s EF performance at both more 
complex and less complex rule structures than the standard DCCS task. The EF Scale 
lowers the performance floor by including 3 easier levels (e.g., simple card sorting on a 
single dimension) for those struggling to successfully complete the standard version of 
the task. The EF Scale also raises the performance ceiling for those who successfully pass 
the standard version of the DCCS by adding 3 more difficult levels (e.g., rapidly 
switching between rules, introduction of a higher order rule). Each level of the task 
requires children to switch flexibly between two different sets of rules for sorting a set of 
bivalent cards. On the scale’s easier levels, children are required to sort by only a single 
dimension or two separate dimensions that are easier to distinguish than in the standard 
version of the task. On the scale’s more difficult levels, children must alternate rapidly 
between rule sets (i.e., switching between sorting by color and sorting by shape on a trial 
by trial basis rather than using the rules in sets of similar trials). On the scale’s most 
difficult levels, in addition to alternating rapidly between rule sets, children must also 
utilize a higher order rule (i.e., If the card has a border around it, sort by color. If the 
card has no border, sort by shape). 
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In the current study, children in the EF reflection training group received two 10 
to 15-minute EF reflection training sessions between pre- and post-test assessments, on 
Days 2 and 3. Because providing consistent challenge to participants has emerged as a 
key characteristic of successful EF training programs (e.g., Diamond, 2012), the 
reflection training protocol used by Espinet and colleagues (2013) surrounding the 
standard DCCS was extended in the current study to apply to all 7 levels of the EF Scale 
in the current study. Just as the EF Scale allows for measurement of a far wider range of 
EF performance, so too did the leveled reflection training allow experimenters to provide 
training at the appropriate level of challenge for each individual participant. 
Experimenters began the training at the lowest level of the EF Scale that the child failed 
during the pre-test assessment. For instance, if a child successfully completed EF Scale 
Levels 1 and 2, but failed EF Scale Level 3 on Day 1, the experimenter would engage the 
child in training based on Level 3 of the EF Scale on Day 2. Children who passed all 7 
levels of the EF Scale on Day 1 (n = 3) were eliminated from analyses as these children 
entered the intervention at ceiling performance. 
The experimenter advanced to the next level during training when the child sorted 
at least 4 of 5 cards of each dimension correctly on the current level. For instance, if a 
child sorted at least 4 of 5 shape cards correctly, as well as 4 of 5 color cards correctly on 
Level 4, that child advanced to the Level 5. This advancement rule was modeled from the 
advancement rules when EF Scale is used as a measurement tool, outlined by Carlson and 
Schaefer (2012), rather than a training tool. If a child did not successfully sort the 
requisite number of cards correctly to advance to the next level, the experimenter 
continued training on the current level until passing performance was achieved or until 15 
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minutes of training had elapsed. The experimenter began training on Day 3 at the last 
level of training accomplished on Day 2. 
During training sessions, experimenters provided direct positive and negative 
feedback based on child performance. After each correct sort, the experimenter 
responded positively, saying “Good job!” or “That’s right!” or “You got it!” After each 
incorrect sort, the experimenter responded by first directly informing the child that they 
made a mistake (e.g., “Whoops! That’s not right.”). When children did err, immediately 
after informing them of their error, experimenters engaged children in a series of prompts 
and questions designed to encourage conscious reflection on the mistaken sorting, on the 
relevant task rules and dimensions, and on the way the child should have sorted the card. 
For instance, if a child continued to sort the bivalent cards according to shape when she 
was supposed to now sort by color, the experimenter would say, “When you saw the 
truck you put it in the box with the truck on it. That means you were looking at the 
SHAPE. But we’re not playing the shape game anymore… Now, we’re playing the 
COLOR game, the game with red and blue.” See Appendices A & B for the complete 
reflection training scripts for all levels of the EF Scale. 
Control group procedure. Children in the control group also participated in two 
10 to 15 minute one-on-one sessions with the experimenter on Day 2 and Day 3, 
replicating the procedure used in Experiment 3 by Espinet and colleagues (2013). During 
these sessions, children simply completed the EF Scale as if it were a measurement tool, 
rather than a training tool. The stimulus cards and rules were identical to those used in the 
reflection training group, but children in the control group did not receive feedback based 
on their performance, nor did they receive reflection training when they erred. When a 
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child in the control group sorted incorrectly, the experimenter simply moved to the next 
trial without feedback or correction. Following both correct and incorrect sorts, the 
experimenter maintained a neutral expression and tone of voice. Instead of feedback 
related to performance, the experimenter offered a neutral prompt, “Let’s do another 
one,” before bringing up the next card. Experimenters also responded in a neutral way to 
queries from children. If a child asked the experimenter how to sort the cards or looked to 
the experimenter for advice, the experimenter responded, “Give it your best guess.” If the 
child asked the experimenter whether they sorted correctly after making their own 
decision, the experimenter responded with, “You’re working really hard,” or “I can’t tell 
you. That’s just part of the game.” We know from previous work that this type of mere 
practice with the DCCS task does not improve performance to the same degree as 
reflection training (e.g., Espinet et al., 2013) and thus provided an adequate active control 
task for participants in the control group to complete.  
In addition to the “mere practice” control group, Espinet and colleagues (2013) 
also used a “corrective feedback” control condition in which children received feedback 
on their performance (e.g., “That’s right/ that’s wrong. You are supposed to press this 
button.”), but no reflection training in concert with errors. When a child erred, they were 
simply informed that they had made a mistake without the experimenter showing the 
child how to sort correctly. This condition was used in Espinet and colleagues’ work 
(2013) as a stricter control in testing the effectiveness the conscious reflection aspect of 
the training. Indeed, the children who received reflection training did make significantly 
fewer errors (M = 1.80 errors, SD  = 1.58) at post-test than those children in the 
“corrective feedback” control condition (M = 3.25 errors, SD = 3.05). However, the 
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difference between errors made by children in reflection training condition and errors by 
those in the “mere practice” control condition (M = 7.10, SD  = 4.22) was far greater than 
the difference between children in the reflection training condition and children in the 
“corrective feedback” condition.  
The choice to use the “mere practice” active control rather than the “corrective 
feedback” control condition in the present study hinged on the fact that the primary aim 
of the study was not to empirically validate the effectiveness of this specific version of 
EF training per say. While evidence from the present study showing that children in the 
reflection training condition outperformed children in the mere feedback control 
condition would certainly bolster empirical support for this specific approach to EF 
training, empirical support was already presented in two prior studies (Kloo & Perner, 
2003; Espinet et al., 2013). Rather, the primary aim of the current study was an 
examination of the characteristics of children who respond and do not respond to EF 
training. A necessary pre-requisite to answer this question is observing a difference 
between EF at pre-test and EF at post-test that can be causally attributed to EF training. 
Without this necessary pre-condition, interpretation of the characteristics of children with 
more or less change in their EF performance across experimental sessions would be 
unclear as that change might be arising from natural EF development over the course of 
the study or numerous other factors beside the EF training (e.g., influence of a particular 
center’s curriculum on children’s EF development). Using the “mere practice” control 
condition increased the likelihood that we would observe the necessary difference in EF 
change between children in the intervention and control conditions so that we were able 
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to move on to examining the primary questions of interest, namely the moderators of 
response to EF training. 
Measures 
On Day 1 and Day 4, EF was assessed using both direct behavioral measures of 
child performance, as well as assessor-report of child behavior during assessment 
sessions. The inclusion of multi-method, multi-informant assessment allows for the 
reduction of reporter and testing method bias. This reduction in bias, in turn, increases 
confidence in EF measurement, as scores on any one assessment method can be 
corroborated by similar data gathered using divergent methods (i.e., direct behavioral 
assessment, as well as assessor reported behavior change). The EF data collected at the 
pre-test assessment session on Day 1 is subsequently referred to generally as EF1, while 
the EF data collected at the post-test assessment session on Day 4 is subsequently 
referred to generally as EF2.  
Executive function. The Minnesota Executive Function Scale (MEFS™, Carlson 
& Zelazo, 2014): The MEFS is the iPad version of the EF Scale. While the tabletop EF 
Scale was used during training on Day 2 and 3, the computerized MEFS was used as a 
pre- and post-test assessment of EF administered before training on Day 1 and after 
training on Day 4. The MEFS had identical rules to the EF Scale explained above, but 
used different stimuli than children were trained with (e.g., orange and green monkeys 
and lions instead of red and blue stars and trucks) and was administered in a different 
format (i.e., on a tablet rather than using physical cards and boxes). See Appendix C for 
stimuli used in tabletop reflection training. During the administration of MEFS as an 
assessment tool, no feedback or reflection training was given to any children regardless 
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of condition. The experimenters maintained the neutral tone described above under the 
Control Group Protocol section. The MEFS iPad software automatically began the 
assessment at the level appropriate for the child’s chronological age, calculated following 
the experimenter’s input of the child’s birthday. Testing on Days 1 and 4 both began at 
this level, regardless of how the child performed during Days 2 and 3. The final score 
used for all analyses was computed by an algorithm built into the MEFS software that 
combined information about children’s number of errors, the highest level passed, the 
highest level attempted, and children’s reaction times during test trials. 
The use of the full EF Scale as opposed to its single level parent measure, the 
Dimensional Change Card Sort (DCCS), allowed us to both lower the floor as well as 
raise the ceiling on EF performance on this measure. The EF Scale lowers the floor 
performance by 3 levels below the original task level as well as raises the ceiling 
performance 3 levels of more complex levels beyond the original task level. This is an 
important consideration for the current study as one aim is to identify whether those who 
start lower vs. higher on EF gain more from the intervention. Raising the performance 
ceiling, for instance, could show us that a child who may have been considered to be 
starting with high EF now may be considered to be starting with an average EF level, and 
now has more room to grow during training. We might now be able to demonstrate that 
this child will improve just as much as a low starter following training. 
Dinky Toys (Kochanska, Murray, Jacques, Koenig, & Vandergeest, 1996): In this 
EF task, a small container with small, attractive toys (e.g., bouncy balls, snap bracelets, 
small toy cars) was presented to children. Experimenters instructed children to keep their 
hands in their laps and to “use their words” to tell experimenter which toy they chose 
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without grabbing, pointing, or otherwise moving their hands from their laps. Child 
behavior following the experimenter’s instructions was coded later from video recordings 
by independent raters blind to the child’s assigned group (i.e., intervention vs. control). 
Using the coding scheme developed by Kochanska and colleagues (1996), each child 
received a score denoting their worst transgression on a 5-point scale from no 
transgression (i.e., child’s hands remain on his/ her lap, score of 4) to reaching in the box 
and grabbing the toy (score of 0). To receive an intermediate score between no 
transgression and grabbing the toy, the child may have simply moved his or her hands off 
their lap (score of 3), pointed to the toy (score of 2), or touched the toy without grabbing 
it (score of 1). The final score for this measure used in all analyses was a composite score 
combining children’s score for their overall worst transgression, the latency to the first 
transgression (i.e., number of seconds before the child transgressed), and the total number 
of transgressions made during the task procedure. 
Head Toes Knees Shoulders (HTKS; Cameron-Ponitz, McClelland, Matthews, & 
Morrison, 2009): This EF task required children to do the opposite of what the 
experimenter commanded. When the experimenter asked children to “touch your head”, 
children were required to touch their toes and vice versa. Likewise, when the 
experimenter asked children to touch their knees, they were to touch their shoulders and 
vice versa. Children were awarded a 0, 1, or 2 for each trial on a total of 20 test trials. 
Children received a 2 if they touched the correct body part first; received a 1 if they 
started towards an incorrect body part, but corrected themselves to end on the correct 
body part; and received a 0 if they touched the wrong body part. Children’s final score 
was a sum of their individual trial scores, ranging from a possible score of 0 – 40. 
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Preschool Self-Regulation Assessment – Assessor Report (PSRA-AR; Smith-
Donald, Raver, Hayes, & Richardson, 2007): After the assessment sessions on Day 1 and 
Day 4, experimenters completed the 28-item PSRA-AR. This scale was originally 
adapted from the Leiter-R social-emotional rating scale – examiner version (Roid & 
Miller, 1997) and the Disruptive Behavior Diagnostic Observation Schedule coding 
system (DB-DOS; Wakschlag et al., 2005). Using this scale, assessors rated the 
frequency of children’s attention, behavior, and emotion during each assessment session 
on a Likert-type scale of 0 to 3. The scores provided by assessors immediately following 
their administration of the assessment session have demonstrated high inter-rater 
reliability when a second observer coded the same sessions from videotapes (intra-class 
correlations = .83; Smith-Donald et al., 2007). Additionally, the assessor PSRA ratings 
have been shown to correlate significantly with direct behavioral measures of EF (r = .45 
- .62; Smith-Donald et al., 2007). This scale yields two sub-scales, an 18-item 
Attention/Impulsivity subscale and an 8-item Positive Emotion subscale (Smith-Donald 
et al., 2007). The Attention/Impulsivity subscale has been used to measure children’s EF 
during the assessment session in previous intervention work and has proven to be 
sensitive to intervention induced changes, with children from the intervention group 
receiving better scores than children in the control group (Raver et al., 2011). Children’s 
score on this Attention/Impulsivity subscale was used in all analyses in the current study. 
Intelligence. Wechsler Preschool and Primary Scale of Intelligence – IV (WPPSI-
IV): The WPPSI is a standardized task used to assess general intelligence (g) in young 
children. The current study utilized two sub-tests: Matrix Reasoning and Receptive 
Vocabulary. The Matrix Reasoning sub-scale measured non-verbal intelligence and 
	52	
required children to choose which piece among multiple choices best completes a given 
pattern with a piece missing. The Receptive Vocabulary sub-scale measured verbal 
intelligence by requiring the child to point to the picture (out of 4 choices) that is named 
by the experimenter. Standardized scores from both sub-scales were calculated for each 
participant. 
Socioeconomic Status. Socioeconomic Status (SES) index:  Several pieces of 
information were collected to indicate the family’s SES including family income, 
parents’ education, and parents’ occupation. Rather than using gross annual household 
income in calculating family SES, a related measure, family income-to-needs ratio, was 
utilized. The family’s income-to-needs ratio (INR) was calculated by dividing the 
families’ total yearly household income in 2014 from all sources before taxes by the 2014 
Federal Poverty Guidelines (http://aspe.hhs.gov/poverty/14poverty.cfm), a number that 
takes into account the number of people in a family when considering yearly income. 
While a single individual, for instance, may not be considered impoverished while 
making a certain yearly income, a family of four with that same income may very well be 
considered impoverished using these guidelines. INR was used in place of gross yearly 
income, as it provides a better measure of financial stress in families than income alone 
(e.g., Dowsett, Hutson, Ines, & Gennetian, 2008). While only the families that are at or 
below 100% of the Federal Poverty Threshold are legally considered impoverished, it is 
widely acknowledged in the academic literature and social service fields that many 
families just above this level (e.g., those with incomes between 100% to 200% of the 
Federal Poverty Threshold) also have significant financial stress and truly struggle to 
make ends meet (Hutson & Bentley, 2010). The decision to use INR in the SES 
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composite in the current study was based on this knowledge and a substantial body of 
previous work on measuring SES (e.g., Dowsett et al., 2008; Roosa, Deng, Nair, & 
Burrell, 2005) including a comprehensive review on best practices for measuring social 
class in psychological research (Diemer, Mistry, Wadsworth, Lopez, & Reimers, 2013). 
After calculating INR for each case, these values were standardized with a mean of 0 to 
facilitate their use in a composite measure. For those cases with a standardized score of + 
or – 3.0 standard deviations, scores were truncated to 3.0 standard deviations from the 
sample mean. This resulted in the truncating of only one case of a child from a family 
with an exceptionally high INR, whose standardized score was truncated from 6.62 
standard deviations above the mean to 3.00 standard deviations above the mean. The next 
highest standardized INR score was 2.91 standard deviations above the mean, a score that 
was subsequently not truncated. 
Parents’ education was classified according to the degree or level of education the 
parent had completed on the following 8 point scale: 1 = elementary school equivalency; 
2 = middle school equivalency; 3 = completion of a GED or high school equivalency 
exam; 4 = high school diploma; 5 = some college, without a formal degree; 6 = 
Associate’s degree; 7 = Bachelor’s degree; 8 = Graduate or Professional degree. This 
classification system is widely used and supported in the literature (e.g., Adelman, 2004; 
Bowen, Chingos, & McPherson, 2009; Diemer & Li, 2012; Diemer et al., 2013). Parental 
education was classified for both parents and averaged in two-parent families. Averaging 
parental education in two parent families is widely considered to yield a more accurate 
representation than simply using only the rating that is either highest or lowest (Adelman, 
2004; Bowen et al., 2009; Diemer & Li, 2012; Diemer et al., 2013).  
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Parents’ occupations were coded for occupational prestige according to 
Hollingshead’s Four Factor Index of Social Status (1975). The index yields a score 
ranging from 1 – 9 points, placing participants in different social strata (from Menial 
Service Workers = 1 to Professionals = 9). Parental occupational prestige was calculated 
for both parents and averaged in two-parent families in which both parents worked. 
Parental occupational prestige was only scored for parents who were employed 10 or 
more hours per week. The occupational prestige score of parents in two-parent families 
who were employed less than 10 hours per week or were unemployed were not 
considered in cases in which the other parent was employed for 10 or more hours per 
week. Single parents employed less than 10 hours per week (including unemployed 
individuals) received an occupational prestige score of 1.  
With this information, a single SES index was created by calculating a composite 
score based on the family’s income-to-needs ratio, parental education, and parental 
occupational prestige. All three variables were self-reported by parents. Parents self-
reported the following pieces of demographic information contributing to the SES index: 
gross yearly household income in 2014, the total number of adults and children living in 
the household, the level of education obtained by each parent, and the title of each 
parent’s occupation.  
Information on family structure and parent involvement was collected in order to 
determine if the family was a single parent or a two-parent family. This distinction is 
relevant to the calculations for the three variables comprising the SES index (i.e., family 
income-to-needs ratio, parental education, and parental occupational prestige). In two 
parent families, information regarding both parents was collected and averaged to yield 
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the score for each variable (e.g., parents’ level of education was averaged across both 
parents). Two parent families were defined as those with two parents living in the same 
household as the child or those families with two parents who were involved in child 
rearing but living in separate households. Involvement in child rearing for these purposes 
was defined as having 10 or more hours per week of contact with the child for a duration 
of at least the past 6 months. If the second parent was involved less than this amount in 
the child’s life, that parent’s education, occupational prestige, and income were not 
considered when calculating the child’s family’s SES. These standards for one vs. two 
parent families are considered more accurate than their alternative (Hollingshead, 1975). 
Analytic Plan 
Scoring. Children who scored at ceiling on the primary outcome measure, MEFS, 
at pre-test were eliminated from analyses. This resulted in three cases being removed, as 
these children passed MEFS level 7 at pre-test. Outcome measure scores in the remaining 
cases were examined for possible floor and ceiling effects by comparing the mean on 
each measure to the highest possible and lowest possible score on that measure. The 
means of all outcome measures at both pre- and post-test were at least two standard 
deviations away from the maximum possible scores, indicating the absence of ceiling 
effects. The means of MEFS and DT at pre- and post-test were at least two standard 
deviations away from the minimum possible scores, indicating the absence of floor 
effects for these measures. The mean of HTKS at both pre- and post-test was within a 
standard deviation of the minimum possible score, indicating the possibility of a floor 
effect for this measure. Scores on each outcome measure were converted to z-scores 
relative to the sample distribution on a given task. This standardization was performed in 
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order to put all task performances on a common scale and to facilitate the creation of the 
EF composite score. 
Composites and interactions. Two composite variables were computed and used 
in the primary regression analyses. The SES composite (herein referred to as “SES”) was 
created by averaging the standardized scores for parent education level, parent 
occupational prestige, and family income-to-needs ratio (see Table 1A for 
intercorrelations among variables included in composite). A second composite variable, 
the EF composite, combined children’s scores on the three direct behavioral assessments 
of EF completed by participating children, namely the MEFS, DT, and HTKS as well as 
the assessor report measure of EF, the PSRA (see Table 1B for intercorrelations among 
variables included in composite).. The EF composite score was an average of each 
participant’s standardized scores on the four component tasks. All four EF tasks were 
included in the composite to facilitate a multi-method, multi-informant assessment of EF, 
resulting in a theoretical reduction of reporter and testing method bias. Further, the larger 
EF composite comprised of all four EF tasks allows a theoretically more complete or 
accurate representation of the gestalt latent variable EF, a truer representation of the 
child’s true EF ability. 
For the current study, the following interaction terms were created by multiplying 
the first order variables together: SES X Group to test for the moderating effect of SES, 
EF1 X Group to test for the moderating effect of EF1, The EF1 X SES interaction term was 
also created as it was necessary to include this lower order interaction term in any model 
that included the three way interaction, and EF1 X SES X Group. All interaction terms 
were created prior to imputing data. This decision was based on the “transform then 
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impute” method suggested by von Hippel (2009). This method reduces bias in regression 
coefficients that exists when interaction terms are created after imputation by assuring 
that the imputation model is consistent with the subsequent regression model (von 
Hippel, 2009).  
Primary Analyses. Two sets of five separate two-level hierarchical linear 
regression models were run using IBM SPSS 22.0.0.0 statistical software to test the main 
effects and the moderating effects of children’s initial EF and their exposure to poverty-
related risk (operationalized as family SES) on their responsiveness to EF training. The 
first set of analyses focused on the moderating effects of initial EF on response to 
intervention while the second set of analyses focused on the moderating effect of SES on 
response to intervention. In each set, five EF outcome scores (one composite score and 
four individual scores) were regressed on the three steps. Table 2 displays the series of 
models run, the steps included in the hierarchical entry, and the outcomes tested.  
The hierarchical regression analysis included three steps. Step 1, testing for main 
effects, included the relevant EF pre-test score, SES composite, child gender (1 = male; 2 
= female), child age in months, child IQ, and a dummy variable for “Group” representing 
a child’s randomly assigned experimental condition (0 = control; 1 = intervention). For 
each outcome variable (EF composite or specific EF score), the relevant pre-test score 
was included. Thus, for the model predicting children’s MEFS score at post-test, Step 1 
included the MEFS score at pre-test. This initial step was included and used to assess the 
main effects of variables as main effects cannot be interpreted in analyses that include an 
interaction term as Step 2 of the current models do (Aiken & West, 1991; Crawford, 
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Jussim, & Pilanski, 2014; Judd, McClelland, & Ryan, 2009; Whisman & McClelland, 
2005). 
Interaction effects were tested in Step 2 and Step 3. Moderating effects of EF pre-
test score or SES were examined in separate sets of analyses. In the first set, the 
hypothesized moderating effects of child’s initial EF on the intervention (Group) was 
tested in Step 2 by adding the relevant EF1 X Group interaction term. Evidence of 
moderation was examined in Step 2 regardless of the significance of the main effect of 
proposed moderators in Step 1 as an insignificant main effect of a moderator does not 
necessarily mean there is no significant moderating effect of that variable (Belsky & 
Pluess, 2009). Step 3 examined the possibility of a three-way interaction of initial EF1 X 
SES X Group to better address Research Aim 3, adding any other two-way interactions 
necessary as controls. 
 A second set of analyses examine the role of SES as a moderator of response to 
intervention was also conducted. Again, five distinct EF outcomes were tested in the 
series of regression models (one composite measure and four individual measures). Each 
model predicted the child’s post-test score on a different EF measure or EF composite 
score. The five EF outcomes tested included the EF composite (Model 1), children’s 
score on the MEFS (Model 2), children’s DT score (Model 3), children’s HTKS score 
(Model 4), and the assessor’s rating of child inhibitory control/attention, as measured by 
the relevant subscale of the assessor report of the PSRA (Model 5). The third set of 
models included an exploratory third step in which a three-way interaction term, EF1 X 
SES X Group, was tested to further examine the relationship between the proposed 
moderators SES and EF1.  
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Following regression analyses, the Johnson-Neyman technique (Hayes & 
Matthes, 2009; Johnson & Neyman, 1936; Preacher, Curran, & Bauer, 2006) was utilized 
for models in which a significant interaction effect was detected. This planned post-hoc 
analysis was used to identify regions of significance along the continuous distributions of 
moderating variables where the response to EF training on the child’s EF score at post-
test was significantly different at different levels of the moderating variable. The 
Johnson-Neyman technique was employed using the PROCESS macro version 2.15 
(Hayes, 2012). This technique avoids the necessity of arbitrarily defining sub-groups of 
participants who are “low,” “moderate,” or “high” on the moderating variable. In 
contrast, the Johnson-Neyman technique allows the entire continuum of values of a 
moderator to be examined and indicates areas on that continuum for which there is a 
significant moderating effect. In the current analyses, the technique specifically allowed 
us to discover the exact values of SES at which there was a significant difference in EF2 
scores between the children in the intervention and control groups. 
Missing data and multiple imputation. Analyses were first conducted using 
listwise deletion of cases that had missing values. Next, identical analyses were 
conducted using multiply imputed data. A total of 20 imputations were run based on the 
larger data set (Little & Rubbin, 2002). Multiple imputation was conducting using IBM 
SPSS 22.0.0.0 statistical software. Imputation was performed on item level data rather 
than on composite scores. This strategy was chosen for two reasons. First, using item 
level data allows observed data from other items on subscales to be used in the 
imputation of missing data. Second, imputing using item level data is a more 
conservative approach as it tends to create larger variances than imputation using 
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composite scores (Belin, Datt, Desmond, & Ganz, 1999). The inferences made from both 
the non-imputed and the imputed data were similar. For simplicity and ease of 
interpretation, only the non-imputed results are reported below. To test for potential 
outliers, we examined Cook’s distance for each outcome. No outlying cases were 
removed as a result of this analysis. 
Results 
Descriptive Characteristics and Bivariate Correlations 
A total of 134 children (75 female; M age = 44.47 months, SD = 4.75 months, 
Range = 36 – 54 months) participated in the current study. Of those children, 66.7% were 
White, 17.1% were multiracial, 7.7% were Black, another 7.7% were Asian, and 0.9% 
were Hispanic. Children’s parents had an average of 15.66 years of education (SD  = 2.17 
years), with 4.0% holding a GED, 5.4% with a High School Diploma, 10.3% having 
completed some college but no degree, 8.5% holding an Associates degree, 41.7% 
holding a Bachelor’s degree, and 30% holding a graduate or professional degree. The 
children’s families had an average yearly income of $128,319 (SD  = 104,024), with a 
range in yearly income from $3,828 to $552,000. Families’ average INR was 5.34 (SD = 
4.45), also with a wide range from 0.14 to 22.99. Prior to regression analyses, we 
computed bivariate correlations among all variables to be included the regression models 
(see Table 3). 
Main Effects 
 Group membership marginally significantly predicted children’s score on MEFS 
at post-test, b = 4.69, 95% CI [-.13, 9.50], p = .06. Specifically, children in the 
intervention group (M = 44.01, SD = 14.61) displayed higher EF2 scores than did their 
	61	
peers in the control group (M = 35.31, SD = 17.56), while controlling for EF1 and other 
covariates in the models. Group membership did not significantly predict children’s post-
test score on any other EF measures including the EF Composite, DT, HTKS, or the 
PSRA. See detailed regression results for all models in Table 4. 
 Additionally, we found that children’s EF1 score was a significant predictor of 
their EF composite score at post-test (b = 0.54, 95% CI [.36, .72], p < .00), MEFs score at 
post-test (b = 0.55, 95% CI [.38, .71], p < .00), HTKS score at post-test (b = 0.82, 95% CI 
[.63, 1.01], p < .00), and assessor rating of children’s impulse control on the PSRA at 
post-test (b = 0.55, 95% CI [.28, .83], p < .00).  In each case, children with higher EF1 
scores displayed higher EF2 scores. There was no main effect of children’s score on DT at 
pre-test on their score on the same measure at post-test (b = 0.06, 95% CI [-.07, .20], p = 
.35).   
 Lastly, there were significant main effects of two model covariates: children’s age 
and children’s gender. Children’s age was a significant predictor of their EF composite 
scores at post test (b = .03, 95% CI [.01, .06], p =.01 as well as their post-test PSRA score 
(b = .02, 95% CI [.00, .03], p  = .02). Here, older children were more likely to perform 
better on both the EF composite score as well as the PSRA while accounting for other 
model covariates. There was also a significant main effect of gender on children’s PSRA 
scores at post-test (b = .17, 95% CI [.02, .32], p  = .02). In this case, female children 
received better scores (M = 2.62, SD = 0.39) than male children (M = 2.46, SD = 0.50). 
Overall Model Significance and Interactions 
In the case of each EF outcome other than Dinky Toys, the final models that 
contained the EF1 X Group interaction term were significantly different from zero (EF 
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composite, F(7,106) = 13.13, p  < .00; MEFS, F(7, 104) = 14.64, p  < .00; DT, F(7, 99) = 
1.42, p  = .21; HTKS, F(7, 100) = 20.06, p  < .00; PSRA, F(7, 104) = 4.96, p  < .00). 
Likewise, the final regression models containing the SES X Group interaction term other 
than the model predicting Dinky Toys score were also significantly different from zero 
(EF composite, F(7, 106) = 13.58, p  < .00; MEFS, F(7, 104) = 14.27, p  < .00; DT, F(7, 
99) = 1.53, p  = .17; HTKS, F(7, 100) = 20.08, p  < .00; PSRA, F(7, 104) = 4.82, p  < 
.00). 
The SES X Group interaction variable was a significant predictor of children’s EF 
composite score at post-test, b = -0.26, 95% CI [-0.52, 0.04], p  = .05, indicating a 
moderating effect of SES on children’s responsiveness to EF training when considering 
their EF composite scores. Further, the addition of the SES X Group interaction term 
resulted in a statistically significant increase in R2 from Step 1 to Step 2, incremental F 
(1, 99) = 3.82, p  = .05, R2 change = .02 The SES X Group interaction term was not a 
significant predictor of any other EF outcomes. The Johnson-Neyman technique Hayes & 
Matthes, 2009; Johnson & Neyman, 1936; Preacher et al., 2006) was used to assess 
regions along the continuum of SES that show a significant difference between EF 
composite scores at post-test in the intervention and control groups attributable to SES. 
The area to the left of the reference line at an SES composite score of .07 standard 
deviations Figure 2 shows the regions of significant difference. SES is associated with an 
EF2 composite score difference between children in the intervention vs. children in the 
control group when SES is below SD = .07. That is, among children who had an SES of 
.07 standard deviations above the mean or lower, those in the intervention group differed 
significantly from children in the control group on their EF composite scores at post-test. 
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Children who had SES scores above .07 standard deviations above the mean, on the other 
hand, did not differ in their EF2 scores as a function of experimental group membership.  
The EF1 X Group interaction term was not a significant predictor of any EF 
outcome, indicating that while controlling for SES, EF1 did not have a significant 
moderating effect on children’s response to EF training. Children who started with lower 
EF at pre-test changed at approximately the same rate as children who started with higher 
EF at pre-test. 
The three-way EF1 X SES X Group interaction was a significant predictor of 
children’s PSRA score at post-test, b  = .72, 95% CI [.17, 1.23], p = .01. This three-way 
interaction term was not a significant predictor of any other outcome variable tested. See 
Figure 3 for a visual depiction of this interaction. 
Discussion 
The primary objective of the current study was to determine the characteristics of 
children who benefit most from EF reflection training by examining potential moderators 
of response to intervention. Specifically, we examined whether a child’s EF prior to 
intervention and whether a child’s family’s SES moderated their response to a brief EF 
reflection training intervention. To this end, we found that children who came from 
families with lower SES were more likely to benefit from the intervention than were 
children who came from families with higher SES. Analyses revealed a significant 
moderating effect of SES on children’s response to intervention. Children’s EF at the 
start of the intervention did not moderate response to intervention when controlling for 
the child’s SES, IQ, gender, age, and experimental condition. The current study extends 
previous research regarding the effect that SES has on children’s response to 
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intervention. Previous work examining this issue has often used samples consisting solely 
of extremely socioeconomically disadvantaged children. The current study extended this 
research by sampling the socioeconomic spectrum much more broadly, including 
children in poverty as well as more affluent peers. The current study is also unique in that 
multiple potential moderators of response to intervention (i.e., SES and initial skill level) 
were examined in the same sample. This investigation is the first, to the author’s 
knowledge, to examine both of these potential moderators in a single sample. 
In the first step of our regression analyses, we examined main effects of variables 
in our models in predicting children’s EF at post-test. The dichotomous dummy variable 
representing the experimental group children were assigned to (i.e., intervention or 
control) had a significant main effect on MEFS scores at post-test. This main effect of 
Group indicates that the EF reflection training protocol was effective in changing 
children’s EF as measured by the computerized MEFS task. Specifically, children who 
were in the intervention group performed better at post-test than children in the control 
group on the MEFS even when controlling for their MEFS scores at pre-test and other 
important model covariates. This proof that the intervention was effective was a 
necessary pre-step in moving to examine the moderating effect of the variables of 
interest. This main effect replicates the findings by Espinet and colleagues (2013) as well 
as Kloo and Perner (2003) touting the effectiveness of this specific EF reflection training 
protocol and bolster the notion that encouraging conscious reflection on stimuli, task 
rules, and mistakes made during the task is an effective way to improve participants’ EF 
as measured by the DCCS and similar card-sorting tasks. 
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Although we did find that group membership significantly predicted performance 
on MEFS, group membership was not a significant predictor of any other EF outcome 
including DT, HTKS, assessor rated PSRA, and the EF composite score examined in the 
current study. These results indicate that the EF reflection training protocol employed 
here did not have a significant effect on children’s performance on these measures. The 
collective non-significant main effect here indicates that the success of the EF training 
protocol in changing the MEFS score did not transfer to other, more disparate EF tasks. 
This lack of transferability is perhaps not surprising considering the specific and brief 
nature of the EF training protocol used in this study. The measure that did show change, 
the computerized MEFS, was very similar to the task used during the training protocol 
itself, the table-top EF Scale task. The other EF tasks in the assessment battery were quite 
different from the card sorting MEFS and EF Scale. Head Toes Knees Shoulders, for 
instance, emphasizes inhibitory control and working memory and requires continued 
gross motor movements. Dinky Toys is different from MEFS and DCCS in that it taps 
what has often been referred to as “hot” EF, or EF executed in the face of an emotionally 
arousing situation. The child must practice inhibitory control in the face of a very 
tempting box of toys. This hot task is in contrast to the cool EF needed to complete the 
MEFS and EF Scale, where no immediate reward for task completion is apparent to the 
participant. Finally, the PSRA assessor report represents assessor rated impulse control 
during the entire session. The assessor is reporting on global child behavior occurring not 
only during MEFS, but also during the other EF tasks. This lack of training transfer is 
similar to other research using similarly task-specific EF training protocols (e.g., Karbach 
& Kray, 2009; Thorell et al., 2009). This is in contrast to the wider transfer effects 
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observed in broader, longer-lasting programs with a much wider variety of activities (e.g., 
Bierman et al., 2008; Raver et al., 2011). 
It is possible that the null effects of the EF training are related to the level of 
measurement we were able to employ in the current study. For DT and HTKS, only 
children’s accuracy was considered. The MEFS tablet application scoring algorithm 
combines data on children’s accuracy with data on their reaction time. As DT and HTKS 
were scored by hand, there was no way to accurately record reaction time for these 
measures in the same way that this type of measurement is possible with a computerized 
task. Indeed, there is evidence that reaction time may be especially relevant when 
considering the effect of children’s SES. Previous work showing a difference in response 
to intervention based on children’s SES has shown differences using measures of reaction 
time (Blair & Raver, 2014). Though we are unable to examine this possibility empirically 
in the current dataset, results from the current study are consistent with the possibility 
that reaction time was affected by intervention, perhaps more so than overall accuracy. In 
the current investigation, experimental group emerged as a significant predictor of post-
test performance only when considering a measure that includes reaction time, the 
computerized MEFS task. A similar measure of reaction time was impossible to obtain 
with the other EF measures in this study as they were administered as tabletop rather than 
computerized versions of the tasks. Therefore, it is possible that we did alter children’s 
performance on DT and HTKS, but we failed to capture the subtle changes in response by 
only examining accuracy and not reaction time.  
Improving some specific aspects of EF through direct training seems more 
difficult to achieve than training other aspects. Specifically, several previous 
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investigations demonstrate the difficulty in specifically altering children’s inhibitory 
control (e.g., Bierman et al., 2008; Thorell et al., 2009). Other specific aspects of EF, like 
working memory, seem more amendable to change following training (e.g., Bergman 
Nutley et al., 2011; Bierman et al., 2008; Holmes, Gathercole, & Dunning 2009). 
Considering this specific difficulty with inducing change in measures tapping inhibitory 
control, perhaps it is unsurprising that we failed to induce change on children’s 
performance on Dinky Toys, a measure primarily tapping inhibitory control. 
It is difficult to compare the lack of training transfer in the current study to 
previous research examining training transfer due to the unique characteristics of the 
current study. There are certainly empirical examples of training transfer in the EF 
training literature (e.g, Karbach & Kray, 2009; Kloo & Perner, 2003; Thorell et al., 
2009). In their examination of transfer effects, Karbach and Kray (2009) found evidence 
of what they called both “near” and “far” transfer. The “near” transfer described in the 
manuscript is simply transfer to a structurally similar task to the one the participants were 
trained using. In this way, “near” transfer as Karbach and Kray (2009) define it is 
analogous to the finding in the current study that there was a significant intervention 
effect on the computerized MEFS task. In this way, our findings reflect what was 
reported previously. There is also evidence of “far” transfer presented in the same 
manuscript. However, the tasks that were used to measure “far” transfer there were 
dissimilar to the tasks used in the current study. Specifically, Karbach and Kray (2009) 
reported far transfer to verbal and spatial working memory tasks, a fluid intelligence task, 
and a measure of cool inhibitory control (Color-Stroop/ Number-Stroop). The current 
study, in contrast, measured far transfer using a measure of hot inhibitory control (DT) 
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and a full body, gross motor EF task (HTKS). Therefore, it is not possible to ascertain 
whether the current sample would have shown transfer effects if other measures (i.e., 
measures of spatial and verbal working memory, fluid intelligence, and cool inhibitory 
control) were administered. 
When comparing transfer effects of the current study to other previous work with 
similar training protocols, we again encounter difficulty due to the specific tasks 
administered in the respective batteries. Kloo and Perner (2003) report training transfer 
following a similar EF reflection protocol to a false belief/ theory of mind task. In this 
study, children who were given EF reflection training improved in their false belief 
knowledge at post-test (Kloo & Perner, 2003). While this is indeed evidence of far 
transfer following EF training, it is again incomparable to the current study as the current 
study did not measure false belief understanding. The previous work that most closely 
mirrors the training procedure in the current study (Espinet et al., 2013) did not examine 
training transfer effects. 
In addition to the main effect of the Group variable of children’s MEFS score, 
analyses also revealed a main effect of children’s EF score at pre-test on their EF score at 
post-test for the EF composite, MEFS, HTKS, and PSRA – Assessor Report. Here, 
children who started with a higher score on HTKS at pre-test also displayed a higher 
score on HTKS at post-test despite which Group, intervention or control, the child was 
assigned to. These results were not surprising and make theoretical sense considering 
children’s general rank stability in measures of cognitive functioning. It was unexpected, 
however, that children’s score on DT at pre-test did not predict their score on DT at post-
test.  
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Children’s age and gender, initially included in the models as control variables, 
showed significant main effects in a few models as well. Specifically, children’s age 
emerged as a significant predictor of post-test EF composite score and their post-test 
PSRA – Assessor Report score. In both cases, older children were more likely than their 
younger peers to have better scores at post-test, even while controlling for model 
covariates such as their IQ and their score at pre-test on these measures. This age effect is 
not surprising as it is expected that typically developing children become better able to 
regulate their own behavior as they age. As discussed at length in the Preschool: A 
window of opportunity section abuse, preschool-aged children are undergoing several 
structural and functional neurological changes at this time that are associated with older 
preschool children displaying better EF and self-regulation than younger preschool 
children. Children’s gender was a significant predictor of only one EF outcome, the 
PSRA – Assessor Report. Here, females were more likely to receive a higher score on the 
PSRA indicating that, on average, assessors rated females as more regulated than males 
during the post-test assessment session. This results is also unsurprising when 
considering the literature linking male gender to increased likelihood for externalizing 
behavior, disruptive and dysregualted behavior in a classroom or testing environment, 
and diagnoses of self-regulation or EF related disorders such as ADHD. Children’s IQ 
was not a significant predictor of EF in any of our models while controlling for the other 
variables in the model. Finally, analyses revealed a significant main effect of SES on 
children’s HTKS score at post-test. Children from higher SES backgrounds tended to 
score higher on HTKS at post-test even while controlling for their intervention status and 
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their score on the measure at pre-test. SES was not a significant predictor of any other EF 
outcome in our models. 
In addition to these main effects revealed in the first step of our hierarchical 
regression models, the subsequent step of our models revealed a significant moderating 
effect of SES on children’s response to invention when considering children’s EF 
Composite score at post-test. Probing the interaction with graphical representation as well 
as statistical probing using the Johnson-Neyman technique revealed that children from 
lower SES families responded more dramatically to the EF reflection training protocol 
than did children from higher SES families. As can be seen in Figure 2., there was a 
larger difference between children in the intervention group and the control group when 
considering children at the lower end of the SES spectrum. When considering children 
from higher SES backgrounds, there was a smaller difference in EF composite score 
between children in the intervention group and children in the control group at post-test. 
We interpret this result to mean that the intervention was particularly effective for low 
SES children. At the higher end of the SES spectrum, on the other hand, the intervention 
was not as effective. High SES children who received the intervention performed 
similarly at post-test to high SES children who were in the control group. The interaction 
between SES and Group was not significant for any other measures of EF other than the 
EF Composite. 
The other interaction term, EF1 X Group, was not a significant predictor in any 
models. We interpret these results to mean that EF1 was not a moderator of response to 
intervention while controlling for other model variables. This result is in stark contrast to 
many previous reports in the literature (e.g., Bierman et al., 2008; Flook et al., 2010; 
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Rueda et al., 2005; Tominey & McClelland, 2011). However, in none of the reports that 
show this moderating impact of the initial skill level of EF, to the author’s knowledge, 
include child SES as a covariate in the analyses. Therefore, it is possible that if those 
analyses were re-run while statistically controlling for SES, the effect of initial EF may 
be diminished. 
The significant moderating effect of SES on response to intervention paired with 
the non-significant moderating effect of initial skill level sheds some light on the 
competing explanations discussed in the Combined Effect of Initial Skill and 
Socioeconomic section in Introduction. Recall that two possibilities exist to explain why a 
child performs poorly: their true skill is low or they are simply experiencing too much 
poverty-related risk, chaos, and stress in their lives such that they are unable to benefit 
from the intervention. Findings from the current study do not support the notion that 
lower SES children are simply too overburdened to benefit from intervention. 
Fortunately, we see that it is the children in our sample from the lowest SES backgrounds 
that benefited the most following EF reflection training. It may still be that there are 
children too overburdened by the stress of their environments to benefit from 
intervention, such as the children in Raver and colleagues’ (2008) trial of the CSRP who 
all came from already highly impoverished neighborhoods. However, the current results 
indicate that when sampling more broadly from the general population, children from 
lower SES backgrounds can and do respond positively to EF training. Lastly, results 
showed a significant effect of the three-way interaction between PSRA at pre-test, SES, 
and Group. The three-way interaction was not a significant predictor of any other EF 
outcome. 
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An important aspect of the training used in the current study was the ability to 
consistently challenge children’s EF by using a scaled version of assessment and training 
tasks. Specifically, the seven levels of the EF Scale allowed us to both provide more 
challenge to children who were successful at easier levels of the task as well as provide 
easier tasks to children who were struggling. The importance of providing consistent 
challenge that matches a child’s current skill level is widely noted as an important aspect 
of successful EF training programs (e.g., Diamond & Lee, 2011). The current study 
provides further evidence of the importance of providing consistent challenge when 
aiming to improve a child’s EF. These findings also extend the literature by indicating the 
importance of meeting the child at their current level of functioning even when that 
means lowering the challenge of the task, not only increasing it. 
Limitations 
An important limitation to keep in mind when considering results is that the 
current study examined children’s response to a very specific type of EF training, The 
generalizability of these findings are undoubtedly limited to similar brief, cognitively 
focused EF training efforts. The characteristics of children who respond to this unique 
type of EF training might not be the same as the characteristics of children who respond 
to other forms of EF training such as training focused on hot EF or emotion regulation. 
Likewise, the characteristics of children who respond to brief interventions, like the 
intervention employed in the current study, are not necessarily the same as the 
characteristics of children who respond to interventions longer in duration, such as a full 
year preschool curriculum (e.g., Tools of the Mind; Diamond, et al., 2007). The current 
study represents an important first step in determining which individuals will benefit 
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most from which types of interventions. Future research should examine whether the 
same characteristics that predict response to this reflective training procedure also predict 
success on a more diverse range of EF training procedures.  
Another limitation to consider when interpreting the current results is the short 
length of time between pre- and post-test. The maximum length of time between pre- and 
post-testing for any participating child was 14 days. Further, children were not followed 
longitudinally to capture any differences between children in the intervention and control 
groups that were long-lasting or even any new differences that may have arisen after time 
had elapsed. It is worth noting that, due to the brief and task-specific nature of the EF 
reflection training protocol used in the current study, long-lasting effects were not 
necessarily expected. Still, in future work examining moderators of response to 
intervention, researchers should aim following children longitudinally to record any 
differences in behavior between intervention and control groups, especially in the context 
of a more intensive intervention program. 
Missing data were imputed using multiple imputation. Though multiple 
imputation improves upon various other techniques for dealing with missing data (e.g., 
listwise or pairwise deletion, mean substitution), multiple imputation does not preserve 
features of the data that are not represented in the imputation model. This technique still 
assumes that data are missing at random. That is, this technique assumes that the data 
missing on any particular variable are not related to the missing data themselves. This 
assumption is not testable directly as those data are missing. However, when considering 
potential reasons data may be missing on key variables, it is likely that data from the 
current study were not missing at random. Specifically, the demographic variable of 
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household income as well scores behavioral measures of EF may be particularly likely to 
have not been missing at random. Considering household income, parents at either 
extreme end of the income distribution may be more likely to choose not to disclose 
family income. Considering behavioral measures of EF, children with lower self-
regulation and EF may be more likely to have missing data on some or all behavioral EF 
measures at either pre- or post-testing. In both of these scenarios, the observable data 
would have a restricted range and imputed data would likely be less variable than would 
be a dataset including all real data points on each of these measures. However, there were 
variables included in the imputation model that are highly correlated with variables that 
have high missingness. Specifically, in over half the cases in which family income was 
missing (20 of 39 cases, or 52.28%) the other two components of the SES composite (i.e., 
average parental educational achievement and average parental occupational prestige) 
were present. Average parental educational achievement and average parental 
occupational prestige were both highly correlated with family income (r = .54, p < .001 
and r = .50, p , .001, respectively). Likewise, in most cases in which children were 
missing data on an individual behavioral EF measure, those children contributed data on 
other behavioral EF measures at both time points. The bivariate correlations between 
behavioral EF measures at pre-test and post-test can be seen in Table 3. It is important to 
note that there were no differences in interpretation when examining imputed vs. non-
imputed data for the current study, thus only non-imputed data results were presented. 
 A final limitation to consider is a sampling bias relating to family structure and 
related income. The current study was intentionally designed to include children from a 
broad range of socioeconomic backgrounds to better examine the effect of SES across the 
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entire spectrum in contrast to previous studies examining children from a restricted SES 
range (e.g., Raver et al., 2009). We did indeed succeed in recruiting children from both 
ends of the socioeconomic spectrum. Participating families had an impressive range of 
total household incomes for 2014, ranging from $3,828 to $552,000. However, by virtue 
of recruiting in childcare centers, certain family structures were more likely to be 
represented than others. We worked in the context of group childcare centers throughout 
the Twin Cities. Families utilizing those childcare centers either paid children’s tuition 
with their personal funds or had their child care costs subsidized by government childcare 
assistance. Therefore, the families sampled were largely either two income families who 
were wealthy enough to pay for private childcare from their own personal funds or 
families with a low enough income to qualify for government childcare assistance. 
Relatively unrepresented in our sample our families where only one parent works while 
the other remains home to care for the children or families who have a friend or family 
member available to watch their children during the day. These families would not need 
to utilize childcare centers as one parent or caregiver is available to care for the children 
during the workday and were therefor not recruited for the current study. Further, these 
families would be likely to have an income between the two extremes; not low enough to 
qualify for government assistance but also not as high as the typical income from a 
family in which both parents work outside the home. In this way, although the current 
study does represent an improvement from past research in representing a broader 
spectrum of SES, it still utilizes a sample that is likely non-representative of the full SES 
and family structure spectrum of American families with preschool-aged children. 
Conclusions and Implications 
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The results presented here cannot be generalized to other EF training programs. 
Although children from families with lower SES showed the steepest improvements in 
their EF following training, children with these same characteristics may not benefit as 
well from EF training in a different format. In the past decade, there has been an 
exponential growth in studies documenting efficacious EF training programs (see 
Diamond, 2011 and 2012 for reviews). These programs come in markedly diverse 
formats ranging from training as simple and brief as the training delivered as part of this 
study to year-long, multi-component immersive curricula. The characteristics of children 
who respond most readily to more focused, brief EF training are not necessarily those 
who will benefit most from more intensive intervention programs.  
The issue of external validity can also serve to remind us of the vital importance 
of not using the data presented here as justification to simply provide intervention 
services to one specific group of children while ignoring the needs of other children with 
different characteristics. This study, rather, represents a first step in creating a more 
individualized approach to providing these services. While children from higher SES 
backgrounds were less likely to respond to the EF training provided as part of the current 
study, those same children might respond more readily to a different type of EF training. 
An increasing body of literature of identifying characteristics that moderate response to 
many diverse types of EF interventions will allow those implementing these interventions 
in the community to have a clearer idea of which children to provide which intervention. 
Given the current findings, it may be worthwhile to examine previously published 
findings indicating a moderating effect of initial skill level. In none of the studies 
described previously in this manuscript that find support for the notion that children who 
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start an intervention at the lowest skill levels tend to gain the most over the course of the 
intervention did the authors simultaneously consider that children’s SES. It may be the 
case that in many of those samples, as was the case in the current study, if the authors 
were to also include SES as a covariate in their models, the moderating effect of pre-test 
EF would be diminished. Considering evidence from the current study and past research, 
it is likely that children who start with low EF are also children from lower SES 
backgrounds. It is important that in future research examining characteristics of 
individuals who benefit most from intervention programs, that researchers include 
participants’ SES as a covariate in their models. 
The results of the current investigation bolster evidence of the effectiveness of 
reflection training. More broadly, this current study supports the notion that these types 
of top-down teaching strategies are likely effective, at least for some students. When 
applied to a preschool classroom setting, teachers may want to consider the importance of 
explaining where a child erred, what the correct response should have been, and why 
when they are giving feedback on performance. This type of reflective feedback in the 
classroom, similar to the training administered in the current study, would be in contrast 
to a teacher simply informing the student that their answer was either right or wrong, but 
not modeling the conscious reflection process the child should be engaged in to 
subsequently result in the correct answer. 
While the current study did not reveal transfer of the training effect, it is 
important not to discount the significant effect the training did have on children’s EF as 
measured by the MEFS. The intervention was effective in that children in the intervention 
group outperformed children in the control group on the primary EF measure at post-test. 
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So, while other broader or longer commitment EF interventions have shown more 
impressive training transfer effects, the significant intervention effect here reminds us of 
the potential usefulness also of narrower interventions targeting specific processes 
underlying EF. 
The EF training in the current study can be provided at a relatively young age, 3-
4-years-old. Further, it can be utilized as a preventive measure rather than a reaction to 
later developing regulation problems (e.g., ADHD, conduct disorder). The findings that 
this intervention is particularly effective for children from lower SES backgrounds make 
offering similar EF intervention all the more enticing as a widespread policy to help close 
the poverty related achievement gap. This early intervention to improve EF may pay 
dividends later in development by helping these children avoid undesirable and costly 
outcomes such as conduct disorder, special education needs, and even increased 
criminality in adulthood. 
As the achievement gap between students from differing socioeconomic 
backgrounds widens, findings from the current study shed light on an effective strategy to 
improve EF in children from low SES backgrounds as EF is known to be related to 
children’s academic performance. Direct training of children’s EF is one important way 
we are able to support low SES children’s healthy development despite the challenges 
inherent in their environment. Further, this type of training is amendable to 
implementation in a school or early childcare setting by various school staff members as 
administration requires relatively few resources and no particular level of expertise. EF 
reflection training is one tool in the larger arsenal that can be utilized to combat the 
poverty related academic achievement gap.		
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Table 1A 
 
Intercorrelations among variables included in the SES composite 
 
 INR Education Occ. Pres. 
INR - .57** .53** 
Education - - .70** 
      Note: *p<.05, two-tailed. **p<.01 two-tailed  ***p<.000	
 
 
 
Table 1B 
 
Intercorrelations among variables included in the EF composite 
 
 MEFS HTKS DT PSRA 
MEFS - .52** .18 .40** 
HTKS - - .13 .20* 
DT - - - .11 
    Note: *p<.05, two-tailed. **p<.01 two-tailed  ***p<.000
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Table 2 
 
Series of regression models run during the primary analysis and outcomes examined 
 
Models Steps Covariates 
Model 1 Step 1 EF2 = EF1 + age + gender + IQ + SES + group 
 Step 2 EF2 = EF1 + age + gender + IQ + SES + group + groupX EF1 
Model 2 Step 1 EF2 = EF1 + age + gender + IQ + SES + group 
 Step 2 EF2 = EF1 + age + gender + IQ + SES + group + groupXSES 
Model 3 Step 1 EF2 = EF1 + age + gender + IQ + SES + group 
 Step 2 EF2 = EF1 + age + gender + IQ + SES + group + groupXSES + groupX EF1 + SESX EF1  
 Step 3 EF2 = EF1 + age + gender + IQ + SES + group + groupXSES + groupX EF1 + SESX EF1 + 
groupXSESX EF1 
Outcome A EF Composite  
Outcome B MEFS  
Outcome C DT  
Outcome D HTKS  
Outcome E PSRA  
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Table 3 
 
Bivariate correlations among key variables 
 
 1 2 3 4 5 6 7 8 9 10 11 12 13 
1. Age - - - - - - - - - - - - - 
2. Gender -.07 - - - - - - - - - - - - 
3. IQ .23** -.05 - - - - - - - - - - - 
4. SES -.14 .01 .09 - - - - - - - - - - 
5. EF 
Composite1 
.26** .05 .28** .27** - - - - - - - - - 
6. EF 
Composite.2 
.32*** .11 .29** .35** .67*** - - - - - - - - 
7. MEFS1 .39*** -.02 .24** .21* .65*** .56*** - - - - - - - 
8. MEFS2 .36*** .03 .25** .17 .64*** .73** .69*** - - - - - - 
9. DT1 .07 .09 -.01 .10 .42** .05 .15 .03 - - - - - 
10. DT2 .05 -.01 .18 .24* .14 .36*** .14 .09 .04 - - - - 
11. HTKS1 .29** -.06 .36** .25** .54*** .51*** .47*** .43*** .08 .07 - - - 
12. HTKS2 .33*** -.04 .30** .30** .49*** .63*** .51*** .52*** .05 .10 .74*** - - 
13. PSRA1 .02 .10 .12 .12 .76*** .49*** .21* .41*** .05 .09 .08 .10 - 
14. PSRA2 .17 .17 .10 -.01 .47*** .80*** .25** .40*** .02 .01 .21* .21* .51*** 
 
Note: *p<.05, two-tailed. **p<.01 two-tailed  ***p<.000 
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Table 4 
 
Moderated regression analyses examining EF initial skill and SES as moderators of response to EF training 
 
 Model 1 
Unstandardized b  
[95% CI] 
DV: EF Composite 
Model 2 
Unstandardized b  
[95% CI] 
DV: MEFS 
Model 3 
Unstandardized b  
[95% CI] 
DV: DT 
Model 4 
Unstandardized b  
[95% CI] 
DV: HTKS 
Model 5 
Unstandardized b  
[95% CI] 
DV: PSRA 
Main Effects (step 1)      
EF Pre .54*** [.36, .72] .55*** [.38, .71] .06 [-.07, .20] .82*** [.63, 1.01] .55*** [.28, .83] 
SES .03 [-.11, .17] -.06 [-2.97, 2.85] .04 [-.02, .10] 2.20 t [-.27, 4.67] -.05 [.14, .05] 
Group .04 [-.19, .27] 4.69 t  [-.13, 9.50] .08 [-.03, .18] .24 [-3.68, 4.17] -.06 [-.22, .10] 
Control Variables (step 1)      
Child Gender .21t [-.01, .43] 2.86 [-1.77, 7.49] -.01 [-.11, .08] 1.58 [-2.25, 5.40] .17* [.02, .32] 
Child Age .03** [.01, .06] .45 [-.10, 1.0] -.00 [-.01, .01] .37 [-.07, .80] .02* [.00, .04] 
Child IQ .02 [-.01, .05] .61t [-.03, 1.26] .01 [-.03, .18] .01 [-3.68, 4.17] .00 [-.22, .10] 
Moderation (step 2)      
EF1 X Group .24 [-.09, .57] -.24 [-.53, .052] .14 [-.15, .42] -.02 [-.35, .30] .31 [-.23, .85] 
Overall Adjusted R2  .44*** .48*** .03 .57*** .21*** 
R2 change due to moderator -.01 .01 .00 .00 .00 
      
SES X Group -.26* [-.53, .00] -3.27 [-8.85, 2.31] -.07 [-.19, .04] -.67 [-5.24, 3.91] -.07 [-.25, .12] 
Overall Adjusted R2 .44*** .47*** .04 .57*** .20*** 
R2 change due to moderator .02* .00 .01 .00 .00 
      
3 way interaction (step 3)      
EF1 X SES X Group .17 [-.20, .55] -.00 [-.40, .40] .33 [-.05, .71] -.09 [-.76, .57] .72** [.17, 1.28] 
 
Note: 
tp<.10, two-tailed. *p<.05, two-tailed. **p<.01 two-tailed  ***p<.001.  
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Figure 1 
 
Study design 
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Figure 2 
 
Moderation of intervention response by SES 
 
 
 
Note. The significant area of the interaction, as defined by the Johnson-Neyman technique, exists to the left of the reference line at .07 
standard deviations of the mean. For children whose family’s SES was below .07 SD of the mean, children in the intervention group 
had significantly better EF composite scores at post test than children in the control group. 
	85	
Figure 3 
Significant three-way interaction, PSRA1 X Group X SES 
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101	Appendix A1. 
EF Reflection Training Script: Form B, Level 1 
 
Level 1/Bunny 
 
“No, that’s wrong.  When you saw the [Bunny], you put it in the box with the [Frog] on it.  That 
means you were looking at the WRONG BOX.  We’re not playing the frog game right now.  Now 
we’re playing the bunny game.   
 
“What game are we playing?”  Wait for response “Right/No.  We’re playing the bunny game now.  So 
you have to look at what PICTURE is here (point to card) and what PICTURE is on the box (point).  
Is it a frog or bunny? 
 
Bring up same stimulus they just got wrong. “Look, what picture is this?  Right/No.  It is a bunny.” 
 
Ask child to label corresponding target box. “What picture is on this box?  Right/No. It is a bunny. 
 
Repeat the relevant rules “In the bunny game, when you see a bunny right here point you have to put it 
in the box with the bunny on it point like this Put card in box. 
 
“Which box would you put a bunny in during the bunny game?  Can you point to it for me? Ensure 
child points correctly Right. When I show you a bunny, you put it in the box with the bunny on it. 
 
Show another bunny stimulus “Look here is a bunny.  Which box do you put it in during the bunny 
game?” Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you know how to 
play.  Let’s try some more.” 
Level 1/Frog 
 
“No, that’s wrong.  When you saw the [Frog], you put it in the box with the [Bunny] on it.  That 
means you were looking at the WRONG BOX.  We’re not playing the bunny game right now.  Now 
we’re playing the frog game.   
 
“What game are we playing?”  Wait for response “Right/No.  We’re playing the frog game now.  So 
you have to look at what PICTURE is here (point to card) and what PICTURE is on the box (point).  
Is it a frog or bunny? 
 
Bring up same stimulus they just got wrong. “Look, what picture is this?  Right/No.  It is a frog.” 
 
Ask child to label the corresponding target box. “What picture is on this box?  Right/No.  It is a frog. 
 
Repeat the relevant rules “In the frog game, when you see a frog right here point you have to put it in 
the box with the frog on it point like this Put card in box. 
 
“So, which box would you put a frog in during the frog game?  Can you point to it for me? Ensure 
child points correctly Right.  When I show you a frog, you put it in the box with the frog one it. 
 
Show another frog stimulus “Look here is a frog.  Which box do you put it in during the frog game?” 
Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you know how to play.  Let’s 
try some more.” 
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EF Reflection Training Script: Form B, Level 2 
 
Level 2/Matching Doggy Game 
 
“No, that’s wrong.  When you saw the [____ Doggy], you put it in the box with the [____ Doggy] on it.  
We’re playing the Matching Doggy Game.  In the Matching Doggy Game, the Little Doggy belongs 
with all of his friends here point and the Big Doggy belongs with all of his friends here point.    
 
“What game are we playing?”  Wait for response “Right/No.  We’re playing the Matching Doggy 
game now.  So you have to look at what KIND OF DOGGY is here (point to card) and what KIND OF 
DOGGY is on the box (point).  Is it big or little? 
 
Bring up stimulus they just got wrong. “Look, what kind of doggy is this? Right/No. It is a [__ Doggy]. 
 
Then, ask child to label the corresponding target box. “Look, what kind of doggy is on this box?  
Right/No.  It is a [____ Doggy]. 
 
Repeat the relevant rules “In the matching doggy game, when you see a [____ Doggy] right here point 
you have to put it in the box with the [____ Doggy] on it point like this Put card in box. 
 
“So, which box would you put a [_____ Doggy] in during the matching doggy game?  Can you point 
to it for me? Ensure child points correctly Right.  When I show you a [______ Doggy], you put it in the 
box with the [______ Doggy] on it. 
 
Show another [__ Doggy] “Look here is a [__ Doggy].  Which box do you put it in during the match-
ing doggy game?” Ensure correct answer. “Great job! Now you know how to play. Let’s try more.” 
 
Level 2/Silly Doggy Game 
 
“No, that’s wrong.  When you saw the [_____ Doggy], you put it in the box with the [____ Doggy] on 
it.  But we’re playing the Silly Doggy Game.  In the Silly Doggy Game, the Little Doggy belongs with 
his mommy here point and the Big Doggy belongs with her baby here point.    
  
“What game are we playing?”  Wait for response “Right/No.  We’re playing the Silly Doggy game 
now.  So you have to look at what KIND OF DOGGY is here (point to card) and what KIND OF 
DOGGY is on the box (point).  Is it big or little? 
 
Bring up stimulus they just got wrong. “Look, what kind of doggy is this? Right/No. It is a [_ Doggy].” 
  
Then, ask child to label the corresponding target box. “Look, what kind of doggy is on this box?  
Right/No.  It is a [_____ Doggy]. 
 
Repeat the relevant rules “In the silly doggy game, when you see a [_____ Doggy] right here point you 
have to put it in the box with the [_____ Doggy] on it point like this Put card in box. 
 
“So, which box would you put a [_____ Doggy] in during the silly doggy game?  Can you point to it 
for me? Ensure child points correctly Right.  When I show you a [_____ Doggy], you put it in the box 
with the [Big Doggy] on it. 
 
Show another [___ Doggy] “Look here is a [___ Doggy]. Which box do you put it in during the silly 
doggy game?” Ensure correct answer. “Great job! Now you know how to play. Let’s try more.” 
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EF Reflection Training Script: Form B, Level 3 
 
Level 3A / Shape 
 
“No, that’s wrong.  When you saw the [COLOR] one, you put it in the box with the [COLOR] one on 
it.  That means you were looking at the COLOR.  But we’re not playing the color game right now, 
the game with green and blue.  Now we’re playing the shape game – the game with point shirts and 
apples.   
 
“What game are we playing?”  Wait for response “Right/No.  We’re playing the shape game now.  So 
you have to look at what SHAPE is here (point to card) and what SHAPE is on the box (point).  Is it a 
shirt or an apple? 
 
Bring up stimulus that they just got wrong. “Look, what shape is this?  Right/No.  It is a [SHAPE].” 
 
Ask child to label the corresponding target box. “What shape is on this box? Right/No. It is [SHAPE]. 
 
Repeat the relevant rule “In the shape game, when you see a [SHAPE] here point you have to put it in 
the box with the [SHAPE] on it point like this Put card in box. 
 
“So, which box would you put a [SHAPE] in during the shape game?  Can you point to it for me? 
Ensure child points correctly Right.  When I show you a [SHAPE], you put it in the box with the 
[SHAPE] on it. 
 
Show another shirt stimulus “Look here is a [SHAPE].  Which box do you put it in during the shape 
game?” Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you know how to 
play.  Let’s try some more.” 
 
Level 3B / Color 
 
“No, that’s wrong.  When you saw the [SHAPE], you put it in the box with the [SHAPE] on it.  That 
means you were looking at the SHAPE.  But we’re not playing the shape game right now, the game 
with shirts and apples.  Now we’re playing the color game – the game with point green and blue.   
 
“What game are we playing?”  Wait for response “Right/No.  We’re playing the color game now.  So 
you have to look at what COLOR is here (point to card) and what COLOR is on the box (point).  Is it 
green or blue? 
 
Bring up stimulus that they just got wrong. “Look, what color is this?  Right/No.  It is [COLOR].” 
 
Ask child to label the corresponding target box. “What color is on this box? Right/No.  It is [COLOR]. 
 
Repeat the relevant rules “In the color game, when you see a [COLOR] one right here point you have 
to put it in the box with the [COLOR] one on it point like this Put card in box. 
 
“So, which box would you put a [COLOR] one in during the color game?  Can you point to it for me? 
Ensure child points correctly Right.  When I show you a [COLOR] one, you put it in the box with the 
[green one] on it. 
 
Show another green stimulus “Look here, it’s [COLOR].  Which box do you put it in during the color 
game?” Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you know how to 
play.  Let’s try some more.” 
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EF Reflection Training Script: Form B, Levels 4 & 5 
 
Level 4 & 5 / Shape 
 
“No, that’s wrong.  When you saw the [COLOR] one, you put it in the box with the [COLOR] one on 
it.  That means you were looking at the COLOR.  But we’re not playing the color game right now, 
the game with yellow and purple.  Now we’re playing the shape game – the game with point trees and 
shoes.   
 
“What game are we playing?”  Wait for response “Right/No.  We’re playing the shape game now.  So 
you have to look at what SHAPE is here (point to card) and what SHAPE is on the box (point).  Is it a 
tree or an shoe? 
 
Bring up stimulus that they just got wrong. “Look, what shape is this?  Right/No. It is a [SHAPE].” 
 
Ask child to label the corresponding target box. “What shape is on this box? Right/No. It is [SHAPE]. 
 
Repeat the relevant rules “In the shape game, when you see a [SHAPE] here point you have to put it in 
the box with the [SHAPE] on it point like this Put card in box. 
 
“So, which box would you put a [SHAPE] in during the shape game?  Can you point to it for me? 
Ensure child points correctly Right.  When I show you a [SHAPE], you put it in the box with the 
[SHAPE] on it. 
 
Show another tree stimulus “Look here is a [SHAPE].  Which box do you put it in during the shape 
game?” Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you know how to 
play.  Let’s try some more.” 
 
Level 4 & 5/Color 
 
“No, that’s wrong.  When you saw the [SHAPE], you put it in the box with the [SHAPE] on it.  That 
means you were looking at the SHAPE.  But we’re not playing the shape game right now, the game 
with trees and shoes.  Now we’re playing the color game – the game with point yellow and purple.   
 
“What game are we playing?”  Wait for response “Right/No.  We’re playing the color game now.  So 
you have to look at what COLOR is here (point to card) and what COLOR is on the box (point).  Is it 
yellow or purple? 
 
Bring up stimulus that they just got wrong. “Look, what color is this? Right/No.  It is [COLOR].” 
 
Ask child to label the corresponding target box. “What color is on this box? Right/No. It is [COLOR]. 
 
Repeat the relevant rules “In the color game, when you see a [COLOR] one right here point you have 
to put it in the box with the [COLOR] one on it point like this Put card in box. 
 
“So, which box would you put a [COLOR] one in during the color game?  Can you point to it for me? 
Ensure child points correctly Right.  When I show you a [COLOR] one, you put it in the box with the 
[COLOR] one on it. 
 
Show another yellow stimulus “Look here, it’s [COLOR] one.  Which box do you put it in during the 
color game?” Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you know how 
to play.  Let’s try some more.” 
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EF Reflection Training Script: Form B, Level 6 
 
Level 6 / Border = Color 
 
“No, that’s wrong.  When you saw the [SHAPE], you put it in the box with the [SHAPE] on it.  That 
means you were looking at the SHAPE.  But this card has a BORDER, so we’re not playing the shape 
game.  We’re playing the color game – the game with point yellow and purple 
 
“What game do we play when we see a BORDER?”  Wait for response “Right/No.  We play the color 
game.  So you have to look at what COLOR is here (point to card) and what COLOR is on the box 
(point).  Is it yellow or purple? 
 
Bring up same stimulus that they just got wrong. “Look, does this picture have a border?  Right/No.  It 
has a BORDER, so we will play the color game.” 
 
Ask child to label corresponding target box. “What color is on this box? Right/No. It is [COLOR]. 
 
Repeat rules “In the border game, when you see a border point you play color game Put card in box. 
 
“So, which game do you play when you see a card with a border Ensure child answers correctly Right.  
When you see a border point you play the color game. 
 
Show another border stimulus “Look here is one with a border.  Which box do you put it in when you 
see a border? Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you know how 
to play.  Let’s try some more.” 
 
Level 6 / No Border = Shape 
 
“No, that’s wrong.  When you saw the [COLOR] one, you put it in the box with the [COLOR] one on 
it.  That means you were looking at the COLOR.  But this card does not have a border, so we’re not 
playing the color game.  We’re playing the shape game – the game with trees and shoes. 
 
“What game do we play when we do not see a BORDER?”  Wait for response “Right/No.  We play the 
shape game.  So you have to look at what SHAPE is here (point to card) and what SHAPE is on the 
box (point).  Is it a tree or a shoe? 
 
Bring up same stimulus that they just got wrong. “Look, does this picture have a border?  Right/No.  It 
does not have a border, so we will play the shape game.” 
 
Ask child to label corresponding target box. “What shape is on this box?  Right/No. It is a [SHAPE]. 
 
Repeat rules “In the border game, when you do not see a border point you play the shape game Put 
card in box. 
 
“So, which game do you play when you see a card with NO border Ensure child answers correctly 
Right.  When you see NO border point you play the shape game. 
 
Show another border stimulus “Look here is one that does not have a border.  Which box do you put it 
in when you don’t see a border? Gesture, point, or direct hand to ensure correct answer. “Great job!  
Now you know how to play.  Let’s try some more.” 
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EF Reflection Training Script: Form B, Level 7 
 
Level 7 / Border = Shape 
 
“No, that’s wrong.  When you saw the [COLOR] one, you put it in the box with the [COLOR] one on 
it.  That means you were looking at the COLOR.  But this card has a border, so we’re not playing the 
color game.  We’re playing the shape game – the game with point trees and shoes. 
 
“What game do we play when we see a BORDER?”  Wait for response “Right/No.  We play the shape 
game.  So you have to look at what SHAPE is here (point to card) and what SHAPE is on the box 
(point).  Is it a tree or a shoe? 
 
Bring up same stimulus that they just got wrong. “Look, does this picture have a border?  Right/No.  It 
has a border, so we will play the shape game.” 
 
Ask child to label corresponding target box. “What shape is on this box?  Right/No. It is a [SHAPE]. 
 
Repeat the relevant rules “In the border game, when you see a border right here point you play the 
shape game like this Put card in box. 
 
“So, which game do you play when you see a card with a border Ensure child answers correctly Right.  
When you see a border point you play the shape game. 
 
Show another border stimulus “Look here is one with a border.  Which box do you put it in when you 
see a border? Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you know how 
to play.  Let’s try some more.” 
 
Level 7/No Border = Color 
 
“No, that’s wrong.  When you saw the [SHAPE], you put it in the box with the [SHAPE] on it.  That 
means you were looking at the SHAPE.  But this card does not have a BORDER, so we’re not playing 
the shape game.  We’re playing the color game – the game with yellow and purple 
 
“What game do we play when we do not see a BORDER?”  Wait for response “Right/No.  We play the 
color game.  So you have to look at what COLOR is here (point to card) and what COLOR is on the 
box (point).  Is it yellow or purple? 
 
Bring up same stimulus that they just got wrong. “Look, does this picture have a border?  Right/No.  It 
does not have a BORDER, so we will play the color game.” 
 
Ask child to label corresponding target box. “What color is on this box? Right/No. It is [COLOR]. 
 
Repeat relevant rules “In the border game, when you do not see a border right here point you play the 
color game like this Put card in box. 
 
“So, which game do you play when you see a card with NO border Ensure child answers correctly 
Right.  When you see NO border point you play the color game. 
 
Show another border stimulus “Look here is a card that does not have a border.  Which box do you put 
it in when you don’t see a border? Gesture, point, or direct hand to ensure correct answer. “Great job!  
Now you know how to play.  Let’s try some more.” 
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EF Reflection Training Script: Form C, Level 1 
 
Level 1/Bird 
 
“No, that’s wrong.  When you saw the [Bird], you put it in the box with the [Horse] on it.  That 
means you were looking at the WRONG BOX.  We’re not playing the horse game right now.  Now 
we’re playing the bird game.   
 
“What game are we playing?”  Wait for response “Right/No. We’re playing the bird game now.  So 
you have to look at what PICTURE is here (point to card) and what PICTURE is on the box (point).  
Is it a horse or bird? 
 
Bring up same stimulus that they just got wrong. “Look, what picture is this?  Right/No.  It is a bird.” 
 
Ask child to label the corresponding target box. “What picture is on this box?  Right/No. It is a bird. 
 
Repeat the relevant rules “In the bird game, when you see a bird right here point you have to put it in 
the box with the bird on it point like this Put card in box. 
 
“So, which box would you put a bird in during the bird game?  Can you point to it for me? Ensure 
child points correctly Right.  When I show you a bird, you put it in the box with the bird one it. 
 
Show another bird  “Here is a bird.  Which box do you put it in during the bird game?” Gesture, point, 
or direct hand to ensure correct answer. “Great job!  Now you know how to play. Let’s try some 
more.” 
 
Level 1/Horse 
 
“No, that’s wrong.  When you saw the [Horse], you put it in the box with the [Bird] on it.  That 
means you were looking at the WRONG BOX.  We’re not playing the bird game right now.  Now 
we’re playing the horse game.   
 
“What game are we playing?”  Wait for response “Right/No.  We’re playing the horse game now.  So 
you have to look at what PICTURE is here (point to card) and what PICTURE is on the box (point).  
Is it a horse or bird? 
 
Bring up same stimulus that they just got wrong. “Look, what picture is this?  Right/No.  It is a horse.” 
 
Ask child to label the corresponding target box. “What picture is on this box?  Right/No.  It is a horse. 
 
Repeat the relevant rules “In the horse game, when you see a horse right here point you have to put it 
in the box with the horse on it point like this Put card in box. 
 
“So, which box would you put a horse in during the horse game?  Can you point to it for me? Ensure 
child points correctly Right.  When I show you a horse, you put it in the box with the horse one it. 
 
Show another horse “Look here is a horse. Which box do you put it in during the horse 
game?”Gesture, point, or direct to ensure correct answer. “Great! Now you know how to play. Let’s try 
some more.” 
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EF Reflection Training Script: Form C, Level 2 
 
Level 2/Matching Bear Game 
 
“No, that’s wrong.  When you saw the [____ Bear], you put it in the box with the [____ Bear] on it.  
We’re playing the Matching Bear Game.  In the Matching Bear Game, the [___ Bear] belongs with 
all of his friends here point and the [____ Bear] belongs with all of his friends here point.    
 
“What game are we playing?”  Wait for response “Right/No.  We’re playing the Matching Bear game 
now.  So you have to look at what KIND OF BEAR is here (point to card) and what KIND OF BEAR 
is on the box (point).  Is it big or little? 
 
Bring up stimulus they just got wrong. “Look, what kind of bear is this? Right/No. It is a [___ Bear].” 
 
Then, ask child to label the corresponding target box. “Look, what kind of bear is on this box?  
Right/No.  It is a [_____ Bear]. 
 
Repeat the relevant rules “In the matching bear game, when you see a [____ Bear] right here point you 
have to put it in the box with the [_____ Bear] on it point like this Put card in box. 
 
“So, which box would you put a [_____ Bear] in during the matching bear game?  Can you point to it 
for me? Ensure child points correctly Right.  When I show you a [____ Bear], you put it in the box with 
the [_____ Bear] on it. 
 
Show another [___ Bear] stimulus “Here is a [___ Bear]. Which box do you put it in during the 
matching bear game?” Ensure correct answer. “Great! Now you know how to play. Let’s try more.” 
 
Level 2/Silly Bear Game 
 
“No, that’s wrong.  When you saw the [____ Bear], you put it in the box with the [_____ Bear] on it.  
But we’re playing the Silly Bear Game.  In the Silly Bear Game, the Little Bear belongs with his 
mommy here point and the [____ Bear] belongs with her baby here point.    
  
“What game are we playing?”  Wait for response “Right/No.  We’re playing the Silly Bear game now.  
So you have to look at what KIND OF BEAR is here (point to card) and what KIND OF BEAR is on 
the box (point).  Is it big or little? 
 
Bring up stimulus they just got wrong. “Look, what kind of bear is this? Right/No. It is a [___ Bear].” 
 
Then, ask child to label the corresponding target box. “Look, what kind of bear is on this box?  
Right/No.  It is a [_____ Bear]. 
 
Repeat the relevant rules “In the silly bear game, when you see a [____ Bear] right here point you have 
to put it in the box with the [_____ Bear] on it point like this Put card in box. 
 
“So, which box would you put a [_____ Bear] in during the silly bear game?  Can you point to it for 
me? Ensure child points correctly Right.  When I show you a [______ Bear], you put it in the box with 
the [_____ Bear] on it. 
 
Show another [_____ Bear] stimulus “Look here is a [_____ Bear].  Which box do you put it in during 
the silly bear game?” Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you 
know how to play.  Let’s try some more.” 
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EF Reflection Training Script: Form C, Level 3 
 
Level 3A / Shape 
 
“No, that’s wrong.  When you saw the [COLOR] one, you put it in the box with the [COLOR] one on 
it.  That means you were looking at the COLOR.  But we’re not playing the color game right now, 
the game with purple and red.  Now we’re playing the shape game – the game with point butterflies 
and ice cream cones.   
 
“What game are we playing?”  Wait for response “Right/No.  We’re playing the shape game now.  So 
you have to look at what SHAPE is here (point to card) and what SHAPE is on the box (point).  Is it a 
butterfly or an ice cream cone? 
 
Bring up stimulus that they just got wrong. “Look, what shape is this?  Right/No.  It is a [SHAPE].” 
 
Ask child to label corresponding target box. “What shape is on this box? Right/No. It is a [SHAPE]. 
 
Repeat the relevant rules “In the shape game, when you see a [SHAPE] right here point you have to 
put it in the box with the [SHAPE] on it point like this Put card in box. 
 
“Which box would you put a [SHAPE] in during the shape game? Can you point to it? Ensure child 
points correctly Right. When I show you a [SHAPE], you put it in the box with the [SHAPE] on it. 
 
Show another butterfly stimulus “Look here is a [SHAPE].  Which box do you put it in during the 
shape game?” Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you know how 
to play.  Let’s try some more.” 
 
Level 3B / Color 
 
“No, that’s wrong.  When you saw the [SHAPE], you put it in the box with the [SHAPE] on it.  That 
means you were looking at the SHAPE.  But we’re not playing the shape game right now, the game 
with butterflies and ice cream cones.  Now we’re playing the color game – the game with point purple 
and red.   
 
“What game are we playing?”  Wait for response “Right/No.  We’re playing the color game now.  So 
you have to look at what COLOR is here (point to card) and what COLOR is on the box (point).  Is it 
purple or red? 
 
Bring up stimulus that they just got wrong. “Look, what color is this?  Right/No.  It is [COLOR].” 
 
Ask child to label the corresponding target box. “What color is on this box? Right/No. It is [COLOR]. 
 
Repeat the relevant rules “In the color game, when you see a [COLOR] one right here point you have 
to put it in the box with the [COLOR] one on it point like this Put card in box. 
 
“Which box would you put a [COLOR] in during the color game? Can you point to it? Ensure child 
points correctly Right. When I show you a [COLOR], you put it in the box with the [COLOR] on it. 
 
Show another purple stimulus “Look here, it’s [COLOR].  Which box do you put it in during the color 
game?” Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you know how to 
play.  Let’s try some more.” 
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EF Reflection Training Script: Form C, Levels 4 & 5 
 
Level 4 & 5 / Shape 
 
“No, that’s wrong.  When you saw the [COLOR], you put it in the box with the [COLOR] on it.  That 
means you were looking at the COLOR.  But we’re not playing the color game right now, the game 
with pink & green.  Now we’re playing the shape game – the game with point bikes and suns.   
 
“What game are we playing?”  Wait for response “Right/No.  We’re playing the shape game now.  So 
you have to look at what SHAPE is here (point to card) and what SHAPE is on the box (point).  Is it a 
bike or an sun? 
 
Bring up stimulus that they just got wrong. “Look, what shape is this?  Right/No.  It is a [SHAPE].” 
 
Ask child to label corresponding target box. “What shape is on this box? Right/No. It is a [SHAPE]. 
 
Repeat the relevant rules “In the shape game, when you see a [SHAPE] right here point you have to 
put it in the box with the [SHAPE] on it point like this Put card in box. 
 
“So, which box would you put a [SHAPE] in during the shape game?  Can you point to it for me? 
Ensure child points correctly Right.  When I show you a [SHAPE], you put it in the box with the 
[SHAPE] on it. 
 
Show another bike stimulus “Look here is a [SHAPE].  Which box do you put it in during the shape 
game?” Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you know how to 
play.  Let’s try some more.” 
 
Level 4 & 5/Color 
 
“No, that’s wrong.  When you saw the [SHAPE], you put it in the box with the [SHAPE] on it.  That 
means you were looking at the SHAPE.  But we’re not playing the shape game right now, the game 
with bikes and suns.  Now we’re playing the color game – the game with point pink and green.   
 
“What game are we playing?”  Wait for response “Right/No.  We’re playing the color game now.  So 
you have to look at what COLOR is here (point to card) and what COLOR is on the box (point).  Is it 
pink or green? 
 
Bring up stimulus that they just got wrong. “Look, what color is this?  Right/No.  It is [COLOR].” 
 
Ask child to label corresponding target box. “What color is on this box? Right/No. It is [COLOR]. 
 
Repeat the relevant rules “In the color game, when you see a [COLOR] one right here point you have 
to put it in the box with the [COLOR] one on it point like this Put card in box. 
 
“So, which box would you put a [COLOR] one in during the color game?  Can you point to it for me? 
Ensure child points correctly Right.  When I show you a [COLOR] one, you put it in the box with the 
[COLOR] one on it. 
 
Show another pink stimulus “Look here, it’s [COLOR] one.  Which box do you put it in during the 
color game?” Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you know how 
to play.  Let’s try some more.” 
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EF Reflection Training Script: Form C, Level 6 
 
Level 6 / Border = Color 
 
“No, that’s wrong.  When you saw the [SHAPE], you put it in the box with the [SHAPE] on it.  That 
means you were looking at the SHAPE.  But this card has a BORDER, so we’re not playing the shape 
game.  We’re playing the color game – the game with point pink and green 
 
“What game do we play when we see a BORDER?”  Wait for response “Right/No.  We’re play the 
color game.  So you have to look at what COLOR is here (point to card) and what COLOR is on the 
box (point).  Is it pink or green? 
 
Bring up same stimulus that they just got wrong. “Look, does this picture have a border?  Right/No.  It 
has a BORDER, so we will play the color game.” 
 
Ask child to label the corresponding target box. “What color is on this box? Right/No. It is [COLOR]. 
 
Repeat the relevant rules “In the border game, when you see a border right here point you play the 
color game like this Put card in box. 
 
“So, which game do you play when you see a card with a border Ensure child answers correctly Right.  
When you see a border point you play the color game. 
 
Show another border stimulus “Look here is one with a border.  Which box do you put it in when you 
see a border? Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you know how 
to play.  Let’s try some more.” 
 
Level 6 / No Border = Shape 
 
“No, that’s wrong.  When you saw the [COLOR], you put it in the box with the [COLOR] one on it.  
That means you were looking at the COLOR.  But this card does not have a border, so we’re not 
playing the color game.  We’re playing the shape game – the game with point bikes and suns. 
 
“What game do we play when we do not see a BORDER?”  Wait for response “Right/No.  We play the 
shape game.  So you have to look at what SHAPE is here (point to card) and what SHAPE is on the 
box (point).  Is it a bike or a sun? 
 
Bring up same stimulus that they just got wrong. “Look, does this picture have a border?  Right/No.  It 
does not have a border, so we will play the shape game.” 
 
Ask child to label corresponding target box. “What shape is on this box? Right/No. It is a [SHAPE]. 
 
Repeat the relevant rules “In the border game, when you do not see a border right here point you play 
the shape game like this Put card in box. 
 
“So, which game do you play when you see a card with NO border Ensure child answers correctly 
Right.  When you see NO border point you play the shape game. 
 
Show another border stimulus “Look here is one that does not have a border.  Which box do you put it 
in when you don’t see a border? Gesture, point, or direct hand to ensure correct answer. “Great job!  
Now you know how to play.  Let’s try some more.” 
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EF Reflection Training Script: Form C, Level 7 
 
Level 7 / Border = Shape 
 
“No, that’s wrong.  When you saw the [COLOR] one, you put it in the box with the [COLOR] one on 
it.  That means you were looking at the COLOR.  But this card has a border, so we’re not playing the 
color game. We’re playing the shape game – the game with point bikes and suns. 
 
“What game do we play when we see a BORDER?”  Wait for response “Right/No.  We play the shape 
game.  So you have to look at what SHAPE is here (point to card) and what SHAPE is on the box 
(point).  Is it a bike or a sun? 
 
Bring up same stimulus that they just got wrong. “Look, does this picture have a border?  Right/No.  It 
has a border, so we will play the shape game.” 
 
Ask child to label corresponding target box. “What shape is on this box? Right/No. It is a [bike]. 
 
Repeat the relevant rules “In the border game, when you see a border right here point you play the 
shape game like this Put card in box. 
 
“So, which game do you play when you see a card with a border Ensure child answers correctly Right.  
When you see a border point you play the shape game. 
 
Show another border stimulus “Look here is one with a border.  Which box do you put it in when you 
see a border? Gesture, point, or direct hand to ensure correct answer. “Great job!  Now you know how 
to play.  Let’s try some more.” 
 
Level 7/No Border = Color 
 
“No, that’s wrong.  When you saw the [SHAPE], you put it in the box with the [bike] on it.  That 
means you were looking at the SHAPE.  But this card does not have a BORDER, so we’re not playing 
the shape game.  We’re playing the color game – the game with point pink and green 
 
“What game do we play when we do not see a BORDER?”  Wait for response “Right/No.  We’re play 
the color game.  So you have to look at what COLOR is here (point to card) and what COLOR is on 
the box (point).  Is it pink or green? 
 
Bring up same stimulus that they just got wrong. “Look, does this picture have a border?  Right/No.  It 
does not have a BORDER, so we will play the color game.” 
 
Ask child to label corresponding target box. “What color is on this box? Right/No. It is [COLOR]. 
 
Repeat the relevant rules “In the border game, when you do not see a border right here point you play 
the color game like this Put card in box. 
 
“So, which game do you play when you see a card with NO border Ensure child answers correctly 
Right.  When you see NO border point you play the color game. 
 
Show another border stimulus “Look here is a card that does not have a border.  Which box do you put 
it in when you don’t see a border? Gesture, point, or direct hand to ensure correct answer. “Great job!  
Now you know how to play.  Let’s try some more.” 
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EF Scale Level 1 Stimuli 
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EF Scale Level 2 Stimuli 
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EF Scale Level 3 Stimuli 
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